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USE OF TELOMERASE REVERSE TRANSCRIPT^E 
TO CREATE HOMOZYGOUS KNOCKOUT ANIMALS 

TECHNICAL FIELDS 

This invention relates to the field of nuclear transfer between cells and animal cloning. The 
invention also relates generally to the field of cell senescence and Increasing replicative capadty using 
telomerase reverse transcriptase. 

Reuted Applications 

This application claims priority benefit of U.S. provisional patent application 60/277.749, filed 
March 21, 2001. pending. The priority application is hereby incorporated herein by reference In its 
entirety. 

Background 

Animals were first cloned from adult cells by Keith Campbell and Ian Wllmut at the Roslin 
Institute, U.K. This seminal worl< has been described in U.S. Patent 6,147,276, International Patent 
Applications WO 97/07669 and WO 97/07668, and in Wllmut et al., Nature 385:810, 1997. The 
technique involves transferring the nucleus of a cell from the animal to be cloned Into a suitable recipient 
cell. It is thought that the recipient cell causes the genes in the nucleus to be expressed in such a way 
that a program of embryonic development begins anew. The embryo is then Implanted into a sunugate 
canier animal for gestation into a viable offspring. 

Subsequent to this teaching, other scientists have succeeded In cloning from adult cells. U.S. 
Patent 5,994,619 reports production of chimeric bovine or porcine animals using cultured Inner cell mass 
cells. U.S. Patent 6,011.197 relates to a method for cloning cows by reprogramming non-embryonic 
bovine cells using leukocyte inhibitory factor (LIF) and fibroblast growth factor (FGF), then transferring the 
nucleus Into an enucleated oocyte. 

International Patent Publication WO 99/21415 reports nuclear transfer for production of 
transgenic animal embryos. WO 99/05266 and WO 00/52145 propose trans-species nuclear transfer, 
using bovine oocytes as the recipient cell for a nucleus tal<en from the donor cell of a different species. 
WO 99/36510 reports efficient nucleai- transfer using fetal fibroblasts. WO 00/25578 proposes a cloning 
method in which an oocyte is chemically enucleated by exposure to a compound that destabilizes a 
melotic spindle apparatus In the recipient cell. WO 00/31237 and WO 99/46982 outline methods for 
cloning pigs. WO 00/74477 propose a process for animal cloning in which somatic cells denatured by 
heating are transferred into enucleated metaphase II oocytes. WO 01/00795 describes surgical methods 
useful for obtaining oocytes from cows for cloning. 

Loi et al. (Reprod. Nutr. Dev. 38:615, 1998) discuss embryo transfer and related technologies in 
sheep reproduction. Wells et al. (Biol. Reprod. 57:385, 1997) report production of cloned lambs from an 
established embryonic cell line. Liu et al. (Mol. Reprod. Dev. 47:255, 1997) discuss the effect of cell 
cycle coordination between nucleus and cytoplasm and the use of in vitro matured oocytes in nuclear 
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transfer in sheep embryos. Campbell et al. (Nature 380:65, 1996) report sheep cloned by nuclear 
transfer from an established cell line. 

There is considerable- promise in this field for cell therapy and adaptive agriculture. Until the 
technique of nuclear transfer was developedi genetically modified livestock were made by pronuclear 
injection (Clark et aL, Transgenic Res. 9:263, 2000); Using this methodology, the nucleus of an 
embryonic cell can be transfected to place a new recombinant gene into the genome of the animal. The 
new transgene can have any one of a number of desired effects — such as causing secretion of a 
therapeutic protein into miik, which can then serve as a bioreactor for commercial production (AJ. Clark, 
Biochem. Soc. Symp. 63:133, 1998. and J. Mammary Gland Biol. Neoplasia 3:337. 1998). 

The discovery that animals can be cloned by nuclear transfer from cultured somatic cells 
provides a new avenue for making animals vinth a modified genome. 

SUMMARY 

This disclosure provides a system for facilitating the creation of cloned cells and embryos that 
have been genetically modified. Cells are obtained that are suitable for nuclear transfer, and treated to 
increase expression of telomerase and potentially extend replicative capacity. One or more genetic 
modifications can then be made to confer desirable features, growing and selecting the cells as needed, 
which is facilitated by the effect of telomerase on the cells. The modified nucleus Is then transferred to a 
suitable recipient cell, which can then be used to grow an embryo with the confenred attributes. 

One embodiment of the invention is a method for producing a vertebrate cell with an altered 
genome by Increasing telomerase activity in the cell at some point in the process of altering the genome. 

Using this technique, multiple alterations to the genome are possible, Including alterations to one 
or both alleles of a particular gene, or Introducing transgenes at random locations, in any desired 
combination. Methods are provided in this disclosure to inactivate or replace the encoding region of a 
particular gene by homologous recombination or some other technique, and then selecting targeted 
clones by combinations of drug selection, mRNA analysis, or phenotype-based separation. Throughout 
this disclosure, it is understood that the altered cell can be expanded at any point in the process, and that 
multiple alterations to one cell is equivalent to alterations made sequentially to progeny of the cell. 

Telomerase activity can be increased by expressing an encoding region for telomerase reverse 
transcriptase in either a transient or permanent fashion. If the TERT sequence is integrated into the 
genome in an expression cassette or as part of a targeting vector, it can later be removed by flanking the 
sequence with recombinase recognition sites. 

Another embodiment of the Invention Is a method for producing a chimeric cell by nuclear 
transfer. A genetically altered donor cell is prepared according to the invention, and tiie nucleus Is then 
transfen-ed to a recipient cell suitable for chromatin remodeling or reprogramming, tiiereby pemiitting an 
embryo or pluripotent stem cell to be obtained. An embryo produced by tiiis procedure can be used to 
birth a vertebrate animal by Implanting Into a suitable canier. A major advantage of this strategy is that 
several genetic alterations can be produced in tiie embryo or animal In a single generation. The 
techniques of this invention may be brought to bear on any vertebrate species, anwngst which livestock 
species such as sheep, cows, and pigs are exemplary. 
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Other embodiments of the invention are cells, embryos, and animals produced according to 
these methods. The cell, embryo or animal may have a normally expressed diploid gene which is 
inactivated or contains an artificiaily introduced genetic alteration. Where different targeting vectors are 
used, the gene may have a different alteration on each allele. A further embodiment of the Invention is a 
5 cell line that has an increased level of telomerase activity or TERT expression, elected foi- high relative 
frequency of successful genetic targeting and is suitable as a donor for nuclear transfer 

Also embodied in the invent'on is a vector for homologous recombinaton in a eukaryotic ceil, 
comprising a TERT encoding region for insertion into the genome. Homologous recombination is 
effected by way of other sequences in the vector that are highly homologous with genomic DNA to which 
10 it is targeted. The targeting site can be selected to inactivate an endogenous gene — such as the prion 
protein (PrP) gene, or the a(1,3)galactosyltransferase gene. This allows the cell to be targeted and 
telomerized at the same time, which improves replicative capacity of the cells and enhances genomic 
stability. The vector can have other features that enhance its use for nuclear transfer. For example, the 
TERT encoding region or a drug resistance gene can be Is flanl^ed on either side by recognition sites for 
15 a site-specific recombinase, to allow these sequences to be removed after genetic modifications are 
complete and the cell is being readied for nuclear transfer. 

These and other aspects of the invention will be apparent from the description that follows. 

Drawings 

20 

Figure 1 is a map of plasmid pGRN145, which causes cells to express telomerase reverse 
transcriptase (abbreviated here as hTRT), the limiting component of telomerase activity in most 
mammalian ceils. Transcription is under control of the myeloproliferative sarcoma virus (MPSV) 
promoter. 

25 Figure 2 is a map of the adapted telomerizing plasmid PWpGBS. TTie IVIPSV promoter controls 

expression of the gene for telomerase reverse transcriptase (hTRT), followed by IRES sequences, and 
the puromycin selection gene. This entire region is flanked by loxP sequences, which allows the cassette 
to be excised Irom the genome after genetic manipulation and before expansion or nuclear transfer. 

Figure 3 is a graph showing the growth of primary sheep fibroblasts transduced to express 

30 telomerase reverse transcriptase. Each line is a single clone, except BW6F2, which is the parental 
(untransfected) fibroblast line. O = telomerase-expressing clones; A = telomerase-negative clones; 
■ = clones that were telomerasenfiegative initially, but became positive later. All telomerase-negative 
clones became senescent towards the end of the growth curve, but cells with telomerase activity 
continued growing beyond 200 doublings. 

35 Figure 4 is a photocopy of light micrograph of cloned sheep fibroblasts stained with X-gal for cell 

senescence. Telomerase negative clones are in the left panels, and contain >10% positive cells. Cells 
expressing hTERT, shown on the right, did not stain positively even when cam'ed to -266 doublings. 

Figure 5 is a half-tone reproduction showing vectors used for gene inactivation in sheep 
fibroblasts. They are targeted to inactivate the a(1,3)galactosyitransferase (GGTA) and prion protein 

40 (PrP) genes by homologous recombination. Successful targeting creates PGR products and Southem 

3 
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blot restriction fragments of different size. Results from clones shown on the right are for the unaltered 
wild-type cells (-), and cells with a gene knockout on one of the two alleles (+). 

Figure 6 is a photocopy of a gel, showing results of targeting telomerized sheep fibroblasts with 
the a1 ,3GT targeting vector Lanes: 1-5, PGR products using primers for the neo gene; Lanes 6-1 0, PGR 
5 products using primers for the a1,3GT sequence. Lanes 1, 2, 7, & 8 is clone B9; Lanes 3, 4. 8, & 9 is 
clone C9; Lanes 5 & 10 Is a positive targeting control. Clone B9 shows successful Inactivation of the 
a1,3GTgene. 

Figure 7 is a map of the two promoter-less ;7eo PrP gene knockout targeting vectors for targeting 
the sheep PrP gene. The vectors contain the hTERT gene In fonvard or reverse orientation, under 
10 control of the PGK promoter. These vectors can be used to inactivate the PrP gene and simultaneously 
telomerize the ceils for further genetic manipulation and improved nuclear transfer efficiency. 

Figure 8 Is a half-tone reproduction of PGR analysis to Identify cells in which the PrP gene was 
successfully targeted, shown by amplification product produced using neo specific primers and decreased 
amplification product produced using PrP $pec\iic primers. 
■15 Figure 9 Is a half-tone reproduction of Southem analysis. In cells successfully targeted, a second 

band of 7.3 kb was detected, con^esponding to the targeted allele. 

Figure 10 Is a half-tone reproduction of analysis for telomere restriction fragments (TRF) of targeted 
and non-targeted cell lines. Both the parental line (A1) and cells targeted without telomerbation (LI 2) showed 
shortened telomeres. However, the lines that were targeted and telomerized simultaneously retained long 
20 TRF, indicating they retain replicative capacity and genomic stability. 

Detailed Description 

In creating genetically modified animals, it is sometimes desirable to inactivate a gene that is 

25 nomnally expressed. This is a more difficult problem than turning on expression of a new gene — which 
can be accomplished by placing a single copy of the new gene Into any transcribable site in the genome 
of the embryonic cell. To turn off expression of an endogenous gene, a specific locus in the genome 
must be targeted for genetic alteration. Furthermore, the gene usually must be targeted on both alleles 
before the desired phenotype is attained. 

30 The availability of techniques for cloning by nuclear transfer considerably enhances the 

opportunity fbr producing genetically modified animals. The somatic donor cell is established in culture, 
and subjected to genetic modification and selection. The nucleus from the selected cell is then 
transferred to a suitable recipient cell that initiates fomiation of the embryo. 

In experiments where particular genes were targeted in sheep cells by homologous 

35 recombination described below in the Example section, it was found that cells successfully targeted on 
one allele according to standard techniques nrtay be suitable for nuclear transfer at only a low frequency. 
In order to obtain a phenotypic knockout, it would be necessary to bring the cloned animal to tenn, and 
then breed animals canrying the knockout on one allele until a homologous knockout animal is obtained. 
It has now been discovered that the frequency of obtaining genetically modified cells suitable for 

40 nuclear transfer can be Improved by increasing the expression of functional telomerase. The presence of 
active telomerase was found to have a number of important effects: 
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1. It increases the replicative capacity of the cell sufficiently to extend the genetic nnanipulation 
process — which can now include more extensive cell selection, and/or multiple serial genetic 
modifications on the same cell line. This substantially Improves 

2. It was found to improve the frequency of obtaining cell lines that have been successfully targeted 
by homologous recombination. As illustrated below, the usual frequency of targeting events is 
typically less than 1 in 100 cells, with only 1 in 10 of those cells fonning cell lines. The presence 
of active telomerase apparently enhances the outgrowth and recovery of selected cells. 

3. Unexpectedly, it also appears to increase the frequency of successful nuclear transfer. When 
the nucleus of one cell is transferred to a suitable recipient, active telomerase can in certain 
drcumstances improve the probability that the reconsfitutfid cell can be activated to grow into an 
embryo. This may be attributable to an effect of telomerase on enhancing or facilitating the 
chromosome remodeling that occurs during reprogramming of the nucleus in the recipient cell. 

These effects need not all be present or understood in order to practice the invention, but may assist the 
reader In understanding the approach being tal^en. 

The invention is particularly powerful to achieve more than one genetic modification In a single 
generation. In particular, homozygous knockout cells can be created in which the gene is modified either 
simultaneously or sequentially on both alleles. For example, the gene can be targeted with one vector 
comprising a drug resistant gene, and selected using the con*esponding drug. The gene is then targeted 
with a second vector comprising a second drug resistant gene, and selected using the second drug. The 
surviving cell can be used to clone an animal that is modified on both alleles, vwthout having to inter- 
breed to obtain the desired trait In this illustration, the genome of the cell (and the cloned animal) will 
contain a different artifidal genetic modification in each allele (I.e., the two different drug-resistant genes). 
This can be used, for example, to create homozygously inactivated genes, and genes that have been 
inactivated on one allele, and modified or substituted on the other. 

The proliferative capacity is Increased using telomerase to facilitate genetic modifications of this 
sort, but is typically not required subsequently. Where telomerase activity is increased by genetic 
trapsfection, this invention also provides for removing the transfecting gene after the other genetic 
modifications are complete. If the transfecting gene is integrated into the genome of the ceil, it can be 
flanfced with recombination sites and removed at an appropriate time by site-specific recombination. 

Definitions 

For purposes of this disclosure, an "endogenous" gene refers to a genetic locus that naturally 
occurs in the cell of a vertebrate species, in its nonmal context in an unaltered form. The gene may or 
may not include one or more encoding regions, one or more control elements, and internal or flanking 
untranscribed or untranslated regions. An endogenous gene element (such as a promoter) that is part of 
the endogenous gene can remain functional in a modified gene (for example, by linking to a new 
encoding region). 

A "naturaily.expressed" gene is capable of being transcribed Into a functional gene product (such 
as a biologically active protein or RNA molecule) in at least one cell type of an animal having it In Its 
genome. 
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An endogenous gene in a cell or animal Is said to be "modified" when the DNA sequence of the 
gene has been modified by recombinant means to alter the molecular or biological function of the gene or 
gene product In some measurable way. 

An endogenous gene in a cell or animal is said to be "inactivated" when it is rendered incapable 
5 of transcribing a functional protein. For example, an inactivated gene may be missing necessary 
transcription or translation control elements, it may be lacking an essential part of the protein encoding 
region, or the encoding region may be placed out of phase. In another example, the gene may be 
intenrupted by an inserted sequence, or mutated in such a way as to interfere with transcription or 
translation of the gene product. In a third example, the inactivated gene may produce a translation 
10 product that has been altered in such a way that It lacks important enzymatic activity of the native gene 
product. A gene Is also "inactivated" when the normal encoding region is switched with an encoding 
region for a different gene product with a different biological function. 

In the descriptions of genetic modificaticn and inactivation in this disclosure, it is understood that 
changes to the genome of a cell are Inherited by progeny of the cell, unless further genetic manipulation 
15 occurs. Thus. It is possible to select the modified cells, let them proliferate, and then make a subsequent 
modification to the progeny. A sequence of genetic modifications made to ceil and its ancestors are 
considered equivalent to making all the modifications to the same cell, unless explicitly directed 
otherwise. 

A cell Is said to be "transfected". "genetically transformed", or •genetically altered", when the cell 
20 has been introduced with a recombinant polynucleotide, or is the progeny of such a cell that has inherited 
the polynucleotide. The alteration may (but need not) be integrated into the genome of the cell. Non- 
limiting examples include the following: 1. A cell containing a vector with a sequence encoding a protein 
of interest, capable of causing the protein to be expressed by the cell on a transient or inheritable fashion; 
2. A cell containing a genetic construct for targeting an endogenous gene (whether or not the gene has 
25 been successfully targeted); and 3, A cell containing a genetic modification Introduced by recombinant 
means. 

The genetic alteration is said to be "inheritable" if progeny of the altered cell has the same 
alteration. Determination of whether the genetic alteration is inheritable can be made by detecting 
presence of the polynucleotide template (e.g., by PCR amplification), or by detecting a phenotypic feature 
30 (such as expression of a gene product or effect thereof) that depends on the genetic alteration to be 
manifest. 

An "alteration to the genome" of the cell refers to a change in sequence of chromosomal DNA (a 
deletion, insertion, or mutation) introduced by artificial manipulation of the cell, particularly by recombinant 
DNA technology. The change will be inheritable by progeny of the cell acquiring the altered chromosome. 

35 by chimeras made by transferring the nucleus of the cell to a suitable recipient cell, and by embryos or 
animals grown from them. 

A cell is described as "telomerized" if it has been treated to increase the expression of 
telomerase reverse transcriptase (TERT) and/or functional telomerase activity by any suitable means 
beyond the level usually expressed by cells of the same type in the same environment Methods for 

40 telomerizing cells are illustrated In a later section of this disclosure. The tenn also applies to progeny of 
the originally treated cell that have inherited the ability to express telomerase at an elevated level. 
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The terms "polynucleotide' and "oligonucleotide" are used interchangeably to refer to a polymeric 
form of nucleotides of any length. Included are genes and gene fragments, mRNA, cDNA, plasmids. 
vectors, synthetic nucleic acids, targeting constructs, nucleic acid probes, and prlmere. 

A "control eiemenf or "control sequence" is a nucleotide sequence involved in an interaction of 
5 molecules that contributes to the functional regulation of a polynucleotide, such as replication, 
duplication, transcription, splicing, or translation, transcriptianal control elements include promoters and 
enhancers. 

The term "embryo" as it is used in this disclosure refers to an organism developing from a 
fertilized ovum or its equivalent generated by nuclear transfer technology. This includes an embryo 
10 growing in utero, and an early embryo growing In tissue culture before engrafting into a carrier. The 
temns "engrafting" or "transplanting", in reference to embryo manipulation, refer to any Icnown process for 
artificially introducing one or more embryos into the uterus of a female animal. 

The term "tissue" refers to a heterogeneous collection of cells responsible for maintaining one or 
more physiological functions. Of interest for certain embodiments of this invention are organs suitable for 
15 transplantation, such as a whole kidney; however, the term also includes organ fragments and other 
embodiments, such as a piece of connective tissue, or a collection of cells In a medical support device. 

This Invention can be practiced on cells of any vertebrate animal, such as a member of an avian 
or mammalian species, including but not limited to domestic animals, non-human primates, humans, 
agricultural livestock, and vertebrates suitable for growing biological compounds or tissue for human 
20 therapy. 

General Techniques 

For further elaboration of general techniques useful in the practice of this invention, the 
practitioner can refer to standard textbooks and reviews in ceil and molecular biology, tissue culture, 

25 embryology, and veterinary and human medicine. 

Methods in molecular genetics and genetic engineering are described generally in the current 
editions of Molecular Cloning: A Laboratory Manual, (Sambrook et al.); Oligonucleotide Synthesis (M.J. 
Gait, ed.,); Animal Ceil Culture (R.I. Freshney. ed.); Gene Transfer Vectors for Mammaiian Cells (Miller & 
Calos, eds.); Current Protocols in Molecular Biology and Short Protocols In Molecular Biology, 3rd Edition 

30 (F.M. Ausubel et af., eds.); and Recombinant DNA Methodology (R, Wu ed., Academic Press). 
Reagents, cloning vectors, and kits for genetic manipulation referred to in this disclosure are available 
from commercial vendors such as BioRad, Stratagene, Invltrogen, and GionTech. 

Texts that describe reproductive techniques and embiyo transfer in animals include Manual of 
the International Embryo Transfer Society: A procedural guide and general Information for the use of 

35 embryo transfer technology emphasizing sanitary procedures, 3"* ed. (Stringfellow et a!., Savoy, IL: 
Internalional Embryo Transfer Society, Savoy IL); and Embryo transfer in fann animals: A review of 
techniques and applications (K.J. Betteridge, ed., Agriculture Canada Monographs No. 16, Ottawa, 1977). 

Increaslnc telomerase acthrftv in the nuclear donor 

40 Donor cells for genetic manipulation according to this Invention are typically nucleated cells of 

the desired species vwth a germ line genotype, selected to be easily maintained iri culture. Exemplary are 
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primary fibroblast cells, which are relatively easy to prepare for most species. For example, cells are 
collected from sheep or pig fetuses at about 35 days of gestation, and subjected to mild trypsin/EDTA 
solution, then cultured in a suitable culture medium. Except where explicitly directed othenwise, the 
techniques of this invention can be applied to any cell type without restriction, including embryonic ceils. 
5 primary cells from a fetus, offspring, or adult, and established cell lines from any vertebrate. 

The replicatfve capacity of the nuclear donor cell is increased by increasing telomerase activity. 
This assists the cells in maintaining telomere length, thereby expanding the replicative capacity (the 
number of cell doublings possible before reaching the Hayftick limit and entering crisis). Typically, 
telomerase activity is modified tiefore inactivation of the target gene, but such modifications are also 
1 0 pemiitted at a later stage in the procedure. 

Increasing telomerase activity can be acconrplished by a number of strategies. Including but not 
limited to the following: 

a) genetically altering tiie celt with a nucleotide having an encoding region for telomerase 
reverse transcriptase (TERT); 
15 b) artificially placing TERT protein or telomerase holoenzyme into the cell; 

c) altering TERT expression from the endogenous gene; or 

d) altering expression of a telomerase related protein, thereby effectively increasing telomerase 
activity. 

A convenient method for increasing telomerase activity is to genetically alter the cells so that 
20 they express TERT, which is usually the limiting component of telomerase enzyme expression. A TERT 
gene can be cotransfected with a gene for the telomerase Rl^ component, or a TERT can be selected 
that is compatible with the RNA component already expressed by the cell. 

It has been discovered that when cells from large mammals such as sheep and pigs are 
genetically altered with human TERT. they express increased telomerase activity, which indicates that the 
25 hTERT gene product can combine with endogenous RNA component to create a functional enzyme. It is 
a hypothesis of this invention that combinations of mammalian TERT into the cells of other mammals will 
often be effective. 

The human TERT gene sequence is provided in U,S. Patent 6.166,178, which also describes the 

use of TERT to increase replicative capacity of various cell types. The mouse TERT sequence is 
30 provided in international Patent Application WO 99/271 13. Other publications with telomerase-related 

sequences include International Patent Application WO 98/21343 (Amgen); WO 98/37181 (Whitehead); 

WO98/07838A1 (IVIItsublshl); WO 99/01560 (Gambia), and U.S. Patent 5,583,016 (Geron Corp.). U.S. 

Patent 5,968.505 describes purified telomerase and methods for obtaining it When TERT is referred to 

in this description, it is understood to mean a polypeptide comprising a TERT sequence from any 
35 mammalian, vertebrate, or other species, with or without alterations, so long as the polypeptide has 

telomerase activity when associated witii telomerase RNA component, as measured by TRAP assay 

(described below) in the cell line being treated. 

Typically, the vector will comprise a TERT encoding region under control of a heterologous 

transcription control element that promotes transcription in the Intended undifferentiated or differentiated 
40 cell line. Sequences that can drive expression of the TERT coding region include viral LTRs. enhancers, 

and promoters (such as MPSV. SV40, MoLV, CMV. MSCV, HSV TK), euicaryot/c promoters (such as 
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p-actin. ubiquitin. elongation factors exemplified by EF1a, and PGK) or combinations thereof (for 
example, the CMV enhancer combined with the p-actin promoter). Expression of a marker gene can 
optionally be driven by the same promoter that's driving the TERT gene, either as a separate expression 
cassette, as part of a polycistronic transcript (In which the coding regions of TERT and the marker gene 
5 are separated by an IRES sequence, allowing both individual proteins to be made from a single transcript 
driven by a single promoter), or as part of tiie same cassette (a fusion between the coding regions of both 
TERT and the marker gene, producing a protein that provides the functions of both TERT and the marker 
gene). Transfection and expression of telomerase in human cells is described in Bodnar et al., Science 
279:349, 1 998 and Jiang et al.. Nat. Genet 21 :1 1 1 , 1999, 

10 An alternative strategy is to use a vector that substitutes or supplements the promoter in the 

endogenous TERT gene with a regulatory control element (such as those listed above) that increase 
expression in the cultured cells. Further illustration of the general strategy of replacing promoters in 
endogenous genes can be found in U.S. Patent 6,063,630. 

When the nucleus of the telomerized cell is transferred to another cell and used to produce a 

15 cloned animal or embryo, the tissue will contain alterations to the genome of the donor cell. The 
presence of a recombinant TERT gene in a donor cell may have other consequences. Accordingly, It 
may be desirable to provide a mechanism for removing or othenvise inactivating the recombinant TERT 
gene once the telomeres have been elongated but before nuclear transfer, or before cloned ceils are 
used for another purpose. 

20 This invention provides a mechanism by which the repiicative capacity of the nucleus donor cell 

Is enhanced with a telomerase gene during genetic manipulation and selection, but then is removed 
before nuclear transfer. The telomerase expression cassette is provided in a fomi that is capable of 
being passed down during replication, typically by Integration into the genome, but adapted for 
subsequent excision. 

25 This can be accomplished by flanking the TERT gene and/or the transcription control element on 

both sides with recognition sequences for a site-specific recombinase. Suitable are lox sites recognized 
by Cre recombinase (U.S. Patent 4,959,317), and frt sites recognized by Flp recombinase (U.S. Patent 
5,929,301). Other site-specific recombinases include XerC (Becker et al., Curr. Microbiol. 32:232, 1996), 
XeriD (Subramanya et a!., EMBO J. 16:5178, 1997), xisF (Genes Dev. 8:75, 1994), and Int recombinase 

30 (Kolot et al., Mol. Biol. Reprod. 36:207, 1999; Timmalai et al., Proa Natl. Acad. Sci. USA 94:6104, 1997). 
An illustrative lox containing TERT vector is provided in Example 1 . 

Also contemplated are vectors in which a particular gene (such as a selectable maricer) is 
flanked by one type of recombinase recognition site, and the TERT gene or contrx)! element is flanked 
with another type of recognition site. An example is the following: 

35 

5'arm - loxP --frt- neopA - « - pGK promoter - hTERTpA - LoxP - 3*arm 

This allows the drug resistance marker (neo) to be removed from the line after selection using the first 
recombinase (Flp), while retaining TERT. Further genetic manipulation can then be perfonmed — for 
40 example, targeting the other allele of the same gene, possibly using the same vector and selecting for 
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neo again. After all manipulation is complete, the TERT encoding region can be removed using the 
second recombinase (Cre). 

Another way of obtaining cells with genomic modifications that do not include TERT is to 
Increase telomerase activity without integrating a TERT gene into the genome. For example, TERT can 
be translenUy expressed using a suitable expression system such as adenovirus, or by introducing TERT 
protein (or the telomerase holoenzyme) directly into the cell. The TERT will be diluted out as the ceil 
divides, but extension of telomeres in the parent cell should increase replicative capacity of the cell line 
by several doublings. 

Another alternative is to upregulate TERT expression from the endogenous gene by upregulating 
expression of trans-activating transcriptional regulators. The TERT promoter contains a number of 
regulator recognition sequences, such as c-Myc, SP1. SRY, HNF-3G, HNF-5, TFIID-IVIBP, E2F and 
c-Myb. See international Patent Publication WO 00/46355. 

A further alternative Is not to increase TERT expression, but enhance the effective activity of 
telomerase already present In the cell. This can be done in cells that have an endogenous level of TERT 
expression, such as in bone marrow progenitor ceils and gonadal tissue. For example, TRF1 and TRF2 
are proteins that bind to telomere repeats and regulate access of telomerase (Smogorzewska et al., Mol, 
Cell Biol. 20:1659, 2000). Decreasing expression of such factors may enhance the ability of telomerase 
to increase telomere length, tiiereby increasing replicative capacity of the cell. 

Characterizing cells with increased telomerase activity 

Evidence of Increased telomerase expression can be obtained by a variety of techniques, 
including but not limited to detenninlng gene transcript levels (for example, by Northern or RT-PCR 
analysis), protein expression (for example, by inamunocytochemistry), or telomerase actrvity (for example, 
by primer extension assay). Extended lifespan or replicative capacity of the treated cells, while often 
desirable, need not be positively demonstrated for the Invention to be put into practice, except where 
explicltiy required. 

Telomerase activity can be detennined, for example,- by TRAP assay (Kim et al.. Science 
266:2011, 1997; Weinrich et al., Nature Genetics 17:498, 1997), or other suitable technique (e.g., U.S. 
Patent 5,741,677). Evaluation of hTERT expression by RT-PCR or immunoassay can be done by 
standard methods, using the sequences disclosed in U.S. Patent 6,166,178. The following assay Icits are 
available commercially for research purposes: TRAPeze® XK Telomerase Detection Kit (Cat. s7707; 
Intergen Co., Purchase NY); JeloTAGGG Telomerase PGR ELISApIus (Cat. 2,013.89; Roche 
Diagnostics. Indianapolis IN); and LlghtCycIerTeloWGGG hTERT quantification ldt(Cat 3.012,344). 

If desired, tiie cells can also be characterized as to their replicative capacity. This can be 
detennined by passaging cells, in a culture environment that supports growth, and monitoring the number 
of cell doublings. Unmodified fetal fibroblasts will typically grow through a number of doublings until they 
reach the Hayflick limit, and then enter Into senescence. As Illustrated In Figure 3, cells with increased 
telomerase activity may grow through additional doublings, 10, 25, 100 or more (over 100 doublings for 
fetal cells; over 60 doublings for adult cells), and may grow indefinitely if TERT continues to be 
expressed. 
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The cells can also be characterized by their ability to undergo specific gene targeting. This is 
determined empirically, according to the purpose for which the cells will ultimately be used. For example, 
the cells are divided into subpopulations or cloned by limiting dilution, and each line is then sampled and 
treated using a targeting vector and subsequent drug selection. Selected cells are then expanded, and 
the number of expanded colonies is quantitated as a proportion of cells in the originally targeted 
popuJation. A frequency of more than 0.2%, 0.5%, or 2% may be obtainable in certain circumstances. 

The cells can also be characterized by their suitability as nuclear donors. This is also 
determined by empirical methods. For example, cell lines that have proved to have good replicative 
capacity and/or a high frequency of successful targeting are used as nuclear donors for nuclear transfer 
into a suitable recipient cell, for example, in the cloning of embryos, as described below. Lines can then 
be selected for a relatively high frequency of activation of the recipient cell after transfer, or for a relatively 
high frequency of viable embryo production. A frequency of 2% or 10% may be obtainable in certain 
circumstances. 

Particular embodiments of this invention Include cell lines selected for one or more of these 
attributes In any combination. 

Geneticaliv altering the taroet oene 

The genome of the nuclear donor can be altered In any manner that is desirable to have in the 
recipient cell, or an embryo or tissue made from It. For example, a mutation can be introduced into a 
native encoding region that con-ects a congenital defect or adds some desirable trait A new encoding 
region can be integrated into the genome proximal to an endogenous gene element, such as a promoter 
that will cause It to be expressed in certain cells. Conversely, a new control element can be integrated 
proximal to an endogenous encoding region, to enhance or redirect its expression. 

TTie techniques of this invention are particuiariy appropriate for creating gene knockouts, in 
which a particular gene is inactivated on one or both chromosomes. There is a variety, of ways In which a 
gene can be inactivated. For example, a control element that regulates transcription (such as a promoter 
or transcription start sequence) can be altered or deleted. Alternatively, the gene can be adapted so that 
any mRNA that is produced is not translatable Into the protein product. This can be effected, for 
example, by deleting or altering a translation control element, such as a ribosomal binding site or a 
translation initiation codon. Alternatively, the gene can be adapted so that any protein that is prxxJuced 
lacks the essential features of the endogenous gene product. For example, the encoding region can be 
interrupted with stop codons. the encoding region can be placed out-of-phase, or critical portions of the 
protein may be missing, such as a structural component or a signal peptide for secretion. In a further 
alternative, the gene can be adapted so that the encoded protein no longer has the specificity of the 
natural gene product— for example, because a change in enzyme activity or ligand binding specificity. 

Efficient targeting of the gene typically, entails use of a targeting vector, comprising nucleotide 
sequence Identical or nearly identical to a portion of the gene of interest, linked to another structure 
capable of introducing the alteration. One such method uses homologous recombination, In which a DNA 
vector comprising homologous regions recombines at the targeted site, substituting its DMA sequence for 
that of the target Cloned ceils that have been selectively targeted can be identified by PCR amplification 
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of a sequence exclusive to the targeting vector, restriction analysis of the reconnbination site, or 
expression phenotype. 

Generally it is more convenient to include a selectable marker in the targeting construct, so that 
targeted cells can rapidly be separated from untargeted cells. U.S. Patent 5,614,396 describes a method 
for obtaining a cell containing a desired sequence In the cell's genome, by using a targeting vector having 
two regions homologous to the targeting sequence, flanldng a sequence that Is to be inserted, and having 
a selectable marker. The DNA undergoes homologous recombination at the target site, and recombined 
cells are recovered under selective culture conditions. 

Positive selection markers include the neo gene, selectable using G418 or kanamycin; the hyg 
gene, selectable using hygomycin; the gpt gene, selectable using xanthine, and hypoxanthine- 
phosphoribosyltransferase (HPRT), selectable using hypoxanthine. Negative selection markers include 
thymidine kinase {tk), selectable using acyclovir or ganciclovir; HPRT, selectable using 6-thioguanine; 
and cytoslne deaminase, selectable using 5-fluofx>cytosine. Markers can also have an intrinsic label, like 
green fluorescent protein or p-galactosidase, which permit clones of targeted cells to be Identified and 
selected. Another option is a gene that causes expression of a cell-surface antigen — for example, a 
transmembrane protein targeted to the plasma membrane, or a glycosyltransferase that causes formation 
of a surface oligosaccharide determinant Cells that have Incorporated the targeting vector will be 
selectable using an antibody or lectin specific for the surface determinant by a technique such as affinity 
adsorption or fluorescence-activated cell sorting. 

For effecting homologous recombination. U.S. Patent Nos. 5.464,764 and 6,631,153 describe a 
double-selection strategy, in which two sequences homologous to the gene target flank a positive 
selection marker, and a negative selection marker is attached to the 3' temninal of the second flanking 
region. Homologous integration retains the positive selection marker, but eliminates the negative 
selection marker, whereas random integration usually retains both martcers. Thus, by screening for both 
markers sequentially or together, cells that have been conrectly targeted will be positively selected, and 
those that have been inconrectly targeted are selected out. U.S. Patent 5.789,215 reports the use of 
homologous recombination targeting vectors for modifying the cell genome of mouse embryonic stem 
cells. Other infonnation of interest for homologous recombination targeting can be found in U,S. Patent 
Nos, 5,589,369 and 5.776.774. 

Example 4 describes illustrative targeting vectors that are capable of inactivating the sheep gene 
for a(1,3)galact03yltransferase (al.SGT) (SEQ. ID N0s:2 & 3) via homologous recombination. The 
vectors comprise flanking regions identical to the targeted a1,3GT sequence, one side being about 1 kb. 
the other being at least 1 or 2 kb, in either order. In between the flanking regions is a selectable marker 
such as neo. designed to replace one of the Exons in the a1,3GT coding sequence. The selectable 
marker genes are not provided with their own promoter, and require continued translation through the 
upstream a1,3GT sequence in order to be expressed. This helps the marker select for property 
integrated vector, because vector inserted at a random site will probably not link the maricer gene to a 
suitable promoter, and resistance to the selector drug will not be conferred. 

As an alternative to homologous recombination, a target gene can be Inactivated using triplex- 
fbnming oligonucleotides that induce intrachromosomal gene conversion (Luo et ai., Proc. Natl. Acad. Sci. 
USA 97:9003, 2000; Barre et al., Proc. Natl. Acad. Scl. USA 97:3084. 2000). Other techniques and 
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reagents can be found in Inonue et al., J. Virol. 73:7376, 1999; Cole-Strauss et al„ Science 273:1386, 
1996; Hasty etal.. MoL Cell Biol. 11: 4509. 1991; and International Patent Publication WO 98/48005, 

Examples 5 to 7 provide illustrations of the use of targeting vectors for inactivafing endogenous 
genes for a1,3GT and prion protein (PrP). A suitable cell line Is combined with the vectors in a culture 
5 medium, and the vectors are introduced Into the cell, in the illustration, the vectors are Introduced by 
optimized conditions of electroporation. The cells are cultured for a time in an appropriate medium for 
maintenance of the cells, during which time the recombination event should occur. The cells are then 
subjected to culture conditions that permit outgrowth of cells bearing the selectable marker from 
successful recombination. 

10 After genetic manipulation has been completed and aitered ceils have been selected, inactivation 

of the gene can be confirmed by testing at the mRNA level or at the protein level. The nature of the 
genetic alteration can be determined by PGR amplification using primers bracketing the targeted 
recombination site, and characterizing the amplification product, or by Southem analysis. If the targeting 
vector contains a unique sequence, then conrect integration can be confirmed using a primer specific for 

15 the Inserted sequence. Production of amplification product of the predicted size in a PGR reaction 
confimns correct integration. 

The extended replicative capacity of the nuclear donor cells of this Invention facilitates 
production of cells with a single genetic alteration, inducible by any suitable method, such as those 
already described. It is now also possible to undertake multiple genetic modifications on the same cell (or 

20 its progeny), before nuclear transfer. 

For example, the techniques of this invention make it possible to generate a nuclear donor cell in 
which both alleles of a diploid gene are inactivated, or othenwise modified. 

One method for generating cells modified on both alleles is to use a single targeting vector in 
combination with a selection process that requires double integration. This can be accomplished, for 

25 example, by assaying for the silencing of a naturally expressed autosomal dominant gene product. For 
example, if the gene causes expression of a cell-surface detenninant, then the ceils can be targeted, and 
then selected for phenotypic expression of the determinant A cell not expressing the determinant should 
be inactivated on both alleles. The double recombination event will be statistically rare, but the extended 
proliferative capacity of the cell population puts batch screening for such an event within the scope of 

30 routine experimentation. 

Another method for generating cells modified on both alleles is to use two different targeting 
constructs. The constructs can be each created witii different selection mart<ers that facilitate screening 
for double integration. For example, the cell can be targeted with a first targeting vector containing a first 
doig resistance gene, and selected using tiie con^esponding dnjg. After a round of proliferation, the 

35 progeny can then be targeted wiUi a second vector containing a second dmg resistance gene, and 
selected using the second dmg. In a variation of tiiis technique, botii targeting constructs are used at 
once, and selection of doubly modified cells is perfonned in a medium containing both drugs. The use of 
two different targeting constructs for tfie same gene on the two different alleles generates a cell in which 
the diploid gene contains a different artificial genetic modification in each allele. 

40 Many types of genetic modifications are possible using these techniques. Gells and cloned 

animals with a gene knockout can be generated by inactivating tiie gene on botii alleles. Gene 
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modifications are possible in which Ixjth alleles are modified to change the encoding region, for example, 
to conrect a congenital defect, or provide an Improved trait patterned on another strain or species. 

It is also possible to inactivate a gene and substitute another encoding region. For example, the 
first allele is inactivated using a targeting vector that inserts a drug resistance gene in place of the 
transcription start signal of the endogenous gene. Heterozygous knockouts are selected using the 
conBspondlng drug. Tlie second allele is then targeted using a vector that inserts the substitute encoding 
region before or in place of the transcription start signal of the endogenous gene, but under control of the 
endogenous promoter. In tills way, expression of ttie first encoding region will be phenotypically 
suppressed, and the substitute encoding region will be expressed in its place with a similar tissue 
specificity. 

The increased proliferative capacity of tiie cells makes possible not just tiie multiple targeting of 
a single locus — but any type of genetic manipulation comprising multiple events. Superimposed on the 
modification of one or both alleles of one or more gene locus, the practitioner has the option of inserting 
one or more transgenes into tiie genome for expression of new gene products. Witii reflection upon 
these illustrations in the context of tills disclosure, other embodiments of the invention will come readily to 
the mind of tiie skilled reader. 

The timing of tiie telomerization step bears consideration in tiie context of tfiese genetic 
manipulations. It Is typically most convenient to increase telomerase activity in tiie cell before any further 
genetic manipulation takes place. This helps ensure tiiat telomeres will be maintained at the same length 
as tiie parental cell throughout the genetic modification process. However, it is also possible to increase 
telomerase acti'vity as an intermediate step in tiie process (say, after a first round of drug selection), or 
even after several genetic manipulations have been perfonned, in orxler to rBstore telomeres to an 
appropriate length. Also contemplated are strategies in which the TERT encoding region is Included in a 
targeting vector used to Inactivate an endogenous gene. In this way, telomerization of tiie cell occurs 
simultaneously with inactivation of one of tiie alleles. The vector can contain its own promoter cont-olling 
TERT expression, or the vector can insert tiie encoding region into ttie genome operativeiy linked to the 
endogenous promoter, providing the promoter is active in the cell type being used to generate tiie nuclear 
donor cell. 

Once ttie desired genetic modifications have been made to tiie nuclear donor, tiie cell can be 
prepared for nuclear transfer. If TERT expression was increased by integrating a TERT encoding region 
into tfie genome, and if the cassette has been flanked witfi recognition sequences for site-specific 
recombination, as described In tiie previous section, tiien tiie cassette can be removed from tiie genome 
by introducing tiie corresponding recomblnase into tiie cell. , 

Transient expression of tiie recombinase can be effected by transducing the nuclear donor cell 
with a suitable vector, such as an adenovirus or liposome-associated polynucleotide in which an 
encoding region for tiie recombinase Is put under control of a heterologous promoter (such as those 
already listed) tiiat is suitable for expression in the target cell. Also contemplated is a procedure whereby 
treatment witii ttie recombinase is done after nuclear transfer, witii tiie embryo (or Its derivative cells) in 
culture. 
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Nuclear transfer and cloning 

Once all the desired genetic manipulations have been perfomned, the donor cell can then be 
used for cloning. The nucleus is transferred into an enucleated recipient cell, such as an oocyte or other 
cell that is capable of developing into a fertile embryo after transfer and activation. 
5 international Patent Application WO 97/07669 (Roslin Institute) describes quiescent cell 

populations for nuclear transfer. International Patent Application WO 97/07668 (Roslin Institute) 
describes inactivated oocytes as cytoplast recipients for nuclear transfer For purposes of prosecution in 
the U.S., these patents and patent applications are hereby incorporated herein by reference in tlieir 
entirety. 

10 Nuclear transfer methods are particularly effective if the nucleus of the donor cell is quiescent, 

which can be achieved by culturing the donor cell in a serum-free medium (WO 97/07669). In an 
exemplary method, the nucleus of a donor cell is transfen^d into an oocyte that is anested in the 
metaphase of the second meiotic division, and subsequently activating the reconstituted cell. Briefly, 
unfertilized metaphase II oocytes are collected as follows: Female animals are synchronized using 

15 progestagen sponges for -14 days, and induced to superovulate with single injections of follicle- 
stimulating hormone on two successive days. Ovulation is induced with a suitable dose of 
gonadotrophin-reieasing homwne or an analog thereof (e.g., -8 mg GnRH Receptal™, Hoechst, UK) on 
the following day. The oocytes are recovered by flushing from the oviduct one day later, washed, and 
enucleated by treating with cytochalasin B and aspirating the nucleus using a glass pipette. Enucleated 

20 oocytes are then placed Into contact with a single cell that acts as the nucleus donor. 

Fusion of the donor nucleus into the enucleated recipient cell is effected by placing the couplet in 
a fusion chamber and aligning it between the electrodes. Electrical pulses are then applied to induce 
fusion, typically a low-voltage AC pulse for several seconds, followed by a plurality of very short high- 
voltage DC pulses. Following an incubation period, activation is induced by application of an additional 

25 electrical pulse. The reconstructed zygote is then cultured for a time before engrafting into a surrogate 
female. Further details and alternative procedures are described in the patent publications cited above. 

Estais in the sun'ogate female is typically synchronized artificially using a suitable combination of 
inducing agents. Cameron et al. (Aust. Vet. J. 66:314, 1989) discuss synchronization methods and other 
practical aspects for commercial embryo transfer in pigs. Blum-Reckow et al. (J. Anim. Sci. 69:3335, 

30 1991) report experiments relating to transfer of pig embryos after long-tenn in vitro culture. Replacing 
medium every 12 h during culture improved survh/al. and pregnancy rate improved if the sexual cycle of 
recipients was 24 h behind that of the donor. 

The embryos are introduced into the uterus of the recipient female using any suitable technique, 
Including devices adapted for the purpose, or appropriate surgical methods. For example, U.S. Patent 

35 No. 4,326.505 describes surgical procedures for embryo transplants in animals, in which the uterine horn 
is positioned in the peritoneal cavity proximate to the vaginal wall, a cannula Is Inserted through the 
vaginal wail and into the uterine horn, and the embryo is introduced through the cannula. Non-surgical 
methods include using a suitable device to manipulate the injection port through the folds of the cervix to 
the bifurcation of the uterus. For example, devices and techniques for porcine non-surgical embryo 

40 transfer are reported by Li et al. (J. Anim. Sci. 74:2263, 1996). Wallenhorst et al. (J. Anim. Scl. 77:2327, 
1999) describe the effect of transfening pig embryos to different uterine sites. 
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Use of cloned QmbrvQs 

An embryo prepared according to this invention can be used for any desirable purpose, including 
but not limited to therapeutic cloning, cloning for agricultural purposes, production of embryo-derived cell 
5 lines and derivatives, and production of genetic knockouts and genetically modified animals to Investigate 
gene function. 

One potential use is the generation of animal tissue suitable for xenotransplantation. The main 
xenogeneic antigen causing rejection of animal tissues in humans is the cell-surface oligosaccharide 
determinant Gala(1,3)Gal. The epitope is made by a(1,3)galactosyItransferase, present In the cells of 

10 most mammals, but not humans (Joziasse et al., Biochim. Biophys. Acta 1455:403. 1999). 

This invention provides a method for making animal tissue free of the Gaia(1,3)Gal antigen by 
knocking out the a1,3GT gene on both alleles. The sheep a(1,3)galactosyltransferase cDNA sequences 
are provided in SEQ. ID N0s:2 & 3 of this disclosure, and the corresponding biological deposit The pig 
a(1.3)galactosyItransferase cDNA sequence can be found in Strahan et al., Immunogenetics 41, 101 

15 (1995) and GenBank Accession L36152; U.S. Patent 5,821.1 17; U.S. Patent 5,849,991; and International 
Patent Application WO 95/28412. The genomic organization of porcine a1,3GT was reported by 
Katayama et al. (Glycoconjugate J. 15:83, 1998). Example 1 below provides exemplary vectors with 
different drug resistance genes that can be used for sequential inactivation of the two a1,3GT alleles. 
Examples 5 to 7 illustrate how suc^ vectors are used in telomerized animal cells suitable for nuclear 

20 transfer. 

Also contemplated is modification of the animal tissue with other glycosyltransferase enzymes. 
In place of the Gala(1,3)Gal epitope on human cells, the N-acetyl lactosamine acceptor oligosaccharide 
is processed by an a(1 ,2)fucosyltransferase (a1,2FT), This enzyme makes the detemiinant 
Fuca(1,2)Gaip(1,4)GlcNAc (othenwise known as H precursor substance), present on most human cells, 

25 and the acceptor substrate for ABO blood group substance. Switching the a1,3GT gene In animal tissue 
to a1.2FT Is believed to have advantages in preparing xenotransplant tissue. The tissue may further 
contain transgenes of the ABO blood group transferases. 

Another potential use of this invention is to improve the safety of agricultural products. 
CreutzfeldtnJakob disease is a fatal human neurodegenerative disease caused by prions. A variant fonn 

30 (vCJD) is thought to relate to the consumption of beef from animals affected with bovine spongifomn 
encephalopathy ("Mad Cow Disease"). Scrapie is the corresponding spongiform disease in sheep and 
goats. The pathological characteristics of prion diseases include neuronal vacuolation, astrocytic gliosis, 
and amyloid plaques with filaments composed of prion protein. The gene for prion protein (PrP) is 
present in all species, and heavily Implicated in disease pathology (Bolton et al., Science 218, pp. 1309- 

35 1 1 (1982); (Basler et al., Cell 46, pp. 417-28 (1986). However, the physiological role of PrP is uncertain, 
and it appears that mice can get along perfectly well without it (U.S. Patent 5,698,763). 

This invention provides a technique whereby PrP expression is prevented In agricultural 
livestock, particulariy sheep and cows. The sheep Pri^" gene sequence is provided in Goldmann et al., 
Proc. Natl. Acad. Sci. USA 87:2476, 1990 (SEQ. ID N0s:4 & 5). The bovine PrP sequence is provided in 

40 Goidmann et ah. J. Gen. Virol. 172:201, 1991. Targeting vectors that disrupt the PrP encoding region 
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(Example 4) can be used in telomerized cells to produce nuclear donors that are homozygously 
inactivated at the PrP locus. 

A further potential use of an embryo prepared according to this invention is the generation of 
stem cell lines. Human stem cells can be established from blastocysts and passaged in culture by known 
techniques (U.S. 6,200,806 and WO 99/20741), The stem cells can then be differentiated into 
specialized cells (such as cells of the hepatocyte or neural lineage) or their precursors, and used for such 
purposes as preparing therapeutic compositions for regenerative medicine, and testing the metabolic 
effects of potential medicaments. If telomerase activity is increased in the nuclear donor by integrating a 
TERT gene flanked by rBcombination sites, the gene can be removed before nuclear transfer, or after 
establishing a cell line from the embryo. 

The examples that follow are provided by way of further ilJustration, 
and are not meant to imply any timitation in the practice of the claimed in vention. 

Examples 

Example 1 : Expression of hTERT In sheep nuclear donor cells 

A vector containing an expression cassette for telomerase reverse transcriptase was found to 
increase functional telomerase activity and replicative capacity in sheep fibroblasts suitable for nuclear 
transfer. 

Figure 1 is a map of plasmid pGRN145. It contains sequences encoding telomerase reverse 
transcriptase (abbreviated here as hTRT) with a consensus Kozak sequence downstream of the 
myeloproliferative sarcoma vims (MPSV) promoter. It also contains puromydn and hygromycin resistant 
gene sequences and allows dmg selection of the transfected clones. SEQ. ID N0:1 Is the nucleotide 
sequence of pGRN145. 

Primary sheep fibroblast cell line designated BW6F2 (passage 6, obtained from a Black Welsh 
sheep) was transfected with linearized pGRN146. The cells were plated in 96 well plates, and selected 
using punomycin at 1 |ig/mL. PGR screening with puramycin primers showed that all but one of the 
selected clones contained the vector sequence. 

Fourteen of the clones were developed into cell lines. hTERT expression was measured in the 
cloned sheep fibroblasts by Wastem blot. Thirty pg cell lysate was separated by 7.5% SDS-PAGE, 
blotted onto nitrocellulose, and detected using antibody 1A4 (specific for hTERT) at 1:10,000. followed by 
goat anti-mouse IgG labeled with horse-radish peroxidase at 1 :5000. 

hTERT expression was also measured by immunocytology. Cells werB grown in chamber slides 
and fixed with 4% parafonnaldehyde. The ceils were stained with 1A4 anti-hTERT antibody at 1:1000 
dilution for 1 h, then with biotinylated secondary antibody at 1:500, and finally with streptavidin Texas 
RedT" at 1:200. Nuclei were counterstained with DAPl. hTERT protein was detected by 
immunocytochemistry in some cell lines but not others, con-elating with hTERT production in the lines 
detected by Westem blot 

Functional telomerase activity was measured by TRAP assay, and vras found to be positive in 10 
of these clones, compared with the original BW6F2 line. 

17 
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Vector containing an excisabie TERT cassette 

The pGRN145 vector has been adapted to flank the hTERT encoding region with two lox sites 
for site-specific recombination and removal of the gene before nuclear transfer. 

Figure 2 shows the design of the adapted targeting vector. It is an IRES bicistronic expression 
vector, comprising the MPSV promoter, followed by hTERT cDNA, IRES sequences, and the puromycin 
selection gene. This entire region is flanked by ioxP sequences. 

The hTERT vector was constructed as follows. A 0.85 kb fragment containing the SV40 small-t 
intron and polyadenylation signal was blunt-ligated into Sail site of pBluescript^ IIKS. A BIpl-Not! 
fragment of plasmid GRN145, containing MPSV promoter and hTERT cDNA was blunt-ligated into PstI 
site. An EcoRI-Xbal fragment from a plasmid containing IRES sequences and puromycin resistant gene, 
was blunt-ligated into IHIndlil site. 

Finally, the Not! fragment (comprising the MPSV promoter, hTERT cDNA, IRES sequences, 
puromycin resistant gene and SV40 polyadenylation signal) was blunt-ligated into EcoRI-Xhol sites of a 
plasmid containing two loxP sites. The conjunctions have been sequenced to confirm the fidelity. TTiis 
vector has been designated pWGB5 (SEQ. ID N0:6). An empty vector control was constructed by 
deleting the hTERT cDNA sequence from pWGB5 by EcoRI digestion and religation. 

Example 2: Human TERT extends replicative capacity In non-human nuclear donor cells 

In order to detemiine the replicative capacity of the cloned fibroblast cell lines derived in Example 
1, the cells were passaged continuously using standard culture conditions. The cells were cultured In 
GMEM containing 10% fetal calf serum at 37°C, 5% CO2 in continuous log phase. 

Figure 3 shows the growth ounces for these cells. Each line represents a single clone 
designation, except BW6F2, which is the parental (untransfected) line. Tlie solid circles represent 
telomerase-expressing clones, and the solid triangles represent telomerase-negative clones. Open 
squares represent dones that were telomerase-negative initially, but became positive later. All 
telomerase-negative clones became senescent towards the end of the growth curve, as did the parental 
BW6F2 cells. 

The clones expressing hTERT have been grown through at least 260 population doublings 
(PDs) and still grow like young cells. Cells transfected with a control plasmid without hTERT cDNA or the 
transfected cells not expressing hTERT grew less than 83 PDs. The parental cells only replicate through 
127 PDs, when they become senescent 

Figure 4 shows staining of the cells with X-gal, which stains senescing cells blue. The cells 
were fixed In 2% fonfnaldehyde/0.2%glutaraldehyde for 34 min, then stained with X-gal solution at pH 6. 
Telomerase negative clones are in the left panels; telomerase positive clones are in the right panels. 
Cells expressing hTERT showed no positively staining cells after they had been carried to -256 PDs. In 
contrast, the cells transfected with the control vector showed over 10% positively staining cells when they 
had grown to less than -50 PDs, 
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No evidence for malignant transformation 

The hTERT expressing sheep fibroblasts were analyzed to determine whether or not the hTERT 
expressing cells showed signs of transfonnation to a malignant phenotype. 

The cells were assessed for karyotype stability. Eight of the 10 telomerase-expressing clones 
5 showed normal karyotype when measured (passages 13 to 97). 

The cells were also assessed for response to serum stan^tion. The cells were cultured in 
medium containing only 0.1% semm for 7 days, and assessed by FACS analysis (fixed in 70% ethanol 
and stained with propidium Iodide). None of the telomerase-expressing clones was proliferating under 
these conditions. The cells were then recuitured 24 h in 10% serum containing medium, and 
10 synchronized normally. When cultured for 3 days after reaching confluence, the cells also showed 
evidence of contact inhibition. 

Telomere length was assessed by extracting DNA from cloned cells using a blotting assay. The 
DNA was digested with Rsal and HInfl, separated on 0 J% agarose, blotted onto a nylon membrane, and 
probed with ^^P-labeled (TTAGGG)3 oligonucleotide. 
15 It was found that clones with higher hTERT expression levels (detected by Western blot and 

immunocytochemistiy using 1A4 antibody) maintained their telomere length, while clones with lower 
hTERT expression levels were typically the ones showing shortened telomeres. 

A summary of results from these experiments is shown in Table 1 , 



TABLE 1: Characteristics of Telomerized Sheep Fibroblast Clones 



Designation 


PGR for 
puromycin 
gene 


TRAP assay 
(telomerase 
activity) 


Population 
doublings 
observed 


Response to 

serum 
starvation 


Contact 
inhibition 


Karyotype 


GRN 1-1 


+ 




354 


Nomnal 
(p54.56) 


Nonnal 
(pr2) 


Nomnal 
(Pl4,p49) 


GRN 1-2 


+ 


--► + 


269 


Nonnnal 
(p50) 


Normal 
(p47) 


Nonnal 
(p8.p35) 


GRN 2-1 


+ 


+ 


264 


Normal 
{p50) 


Nonmal 
(P43) 


Nonmal 
{p13. p80) 


GRN 2-2 


+ 


— ^ + 


294 


Nomial 
(p48) 


Normal 
(P52) 


Nonmal (p30) 
Abnormal (p90) 


GRN 2-3 


+ 




37^ 


n.d 


n.d 


n.d 


GRN 24 


+ 




75^ 




n.d 


n.d 


GRN 2-5 


+ 


+ 


279 


Nonnal 
(P54) 


Nonmal 
(p46) 


Nonnal 
(p12,p86) 


GRN 2-7 


+ 


+ 


314 


Normal 
(p62) 


Normal 
(P64) 


Nonnal 
(p15, p97) 
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TABLE 1 : Characteristics of Telomsrized Sheep Fibroblast Clones 



Designation 


PGR for 
puromycin 
gene 


TRAP assay 
[telomerase 
activity) 


Population 
doublings 
observed 


Response to 

serum 
starvation 


Contact 
inhibition 


Karyotype 




+ 


+ 


318 


Nonmal 
(p60) 


Nontial 
(P52-53) 


Nomial 
(P15) 


GRN 2-10 


+ 


+ 


166** 


n.d. 


n,d. 


Abnonnal 
(P13) 


GRN 2-12 


+ 


+ 


293 


Nonna! 
(p50) 


Nomaal 
(P51-53) 


n,d 


GRN 2-13 


+ 


+ 


258 


Normal 
(p47) 




Nonnal 

rpi6) 


GRN 2-18 






83' 


Abnomial 
(p18) 




n.d. 


GRN 2-20 


+ 


— >7 


113*^ 




n.d 


n.d 



° - Cells became senescent 
" - Growth cun/e stopped 



Expression ofhTERTin pig nuclear donors 

A primary fibroblast cell line was isolated from fetal pig carcass, and seeded into 25 cm^ flasks at ' 
5 2.5 X 10^ cells In 10 mL Dulbecco's MEM containing 20% serum. 

Lipofection with hTERT was perfomned as follows: 4.4 x 10^ PF6C p3 cells were transfected with 
llpofectamine™ plus 30 ing pGRN145 at a ratio of 3:1 with 4 h incubation. Twenty-four hours after 
transfection, the cells were divided into 6 x 10 cm plates (7 x10^ cells per plate). After 3 days, the cells 
were 95% confluent, and selection medium was added. 
10 Electroporation was performed as follows: 4,6x10^ PF6Cp3 cells were washed and 

electroporated in prepared electroporation buffer (9 hypo-osmolar : 1 iso-osmolar). The Eppendorf™ 
electroporator settings were 300 v, 100 ^s. Immediately after electroporation .the cells were divided Into 
6 X 1 0cm plates (7x10^ cells per plate). After 3 days, selection medium was added to each plate. 

Sixteen days after transfection. established colonies of isolated cells were visible In the six 
15 lipofection plates. In comparison, in the electroporation plates only single cells were visible with no colony 
formation. Thirty seven colonies were picked by ring cloning and transferred to 12 well plates. . After 6 
days. 10 colonies were confluent and transfen-ed to a 25 cm^ flask. Within 10 days, eight of these 
colonies were expanded up to a 75 cm^ flask, frozen into six vlals. and stored In liquid nitrogen. 

When analyzed by immunocytochemistry using hTERT antibody 1A4. most clones showed 
20 cytoplasmic staining. One clone designated PF6C-T3C showed significant nuclear staining, similar to the 
cloned sheep cell line GRN2.2 (Example 1), 



20 
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Example 3: Human TERT improves genetic stabiittv in non-human nuclear donor cells 



It has been suggested that the telomeres play an Important role In genome stability (Hackett et ' 
aL, Cell 106:275, 2001; Riha et al., Science 291:1797. 2001). To assess the effects of hTERT 
expression on the genome stability of the stably transfected sheep fibroblast, the celi lines transfected 
5 with the hTERT gene were analyzed for hTERT expression and activity, and cytogenetic analysis! 

Telomere length was determined by telomere restriction fragment (TRF) Southern blot analysis 
as described previously (Harley et a(., Nature 345:458, 1990). Briefly, 1-3 of DNA was digested with 
restriction enzymes H'mi] J Rsa\ and fractionated by 0J% agarose gel electrophoresis, then transferred 
onto a positively charged nylon membrane. The membrane was hybridized with (TTAGGG)3 probe 

10 labeled with either y-pP]ATP or digoxigenin. Signals were visualized by phosphorimager scan either 
directly (^P labeled probe) or after antibody/substrate reactions (digoxigenin labeled probe). Mean TRF 
was calculated as described by Ouellette et ai., J. Biol. Chem. 275:10072, 2000. 

Expression of hTERT and endogenous sheep GAPDH was measured as follows. Cells were 
trypsinized and counted, then washed with PBS. Total RNA was extracted with RNAzol B and digested 

15 with DNase I. First strand cDNA was synthesized from 5\ig of total RNA by reverse transcriptase in 20 pL 
volume with oiigo Pd(T)t5. Each PGR was earned out with 5\l\ of the reverse transcription product and 
amplified for 26 cycles of 94*»C for 30 sec, 60°C for 30 sec and 72°C for 45 sec using specific primers for 
human TERT or sheep GAPDH. Real time qRT-PCR primers and TaqMan probes wens selected for 
hTERT and sheep GAPDH using Primer Express software (Applied Biosystems). Each TaqMan™ 

20 reaction was performed in quadaiplicate. TTie hTERT mRNA copy number was calculated with a 
standard curve generated from hTERT cDNA plasmid al concentrations equivalent to 0,01 to 1000 copies 
per cell. Telomerase activity of cell extracts was analyzed by telomeric repeat amplification protocol 
(TRAP) assay as described previously (Kim et al., Nucleic Acids Res. 25:2595, 1997). Results are shown 
in Table 2: 

25 
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TABLE 2: Telomere length, Telomerase Activity, and hTERT Expression 



Cell clone 


Mean TRP 
(kb) 


TRAP/ 
PD = 0 


^say" 
PD>200 


Relative 
- hTERTmRNA 
Expression*^ 


hTERTnnRNA 
per Cell 


1-1 


8.4 


30% 


48% 


2.6 


0.34 


2-1 


20.7 


51% 


46% 


5870 


375 


2-5 


21.0 


' 39% 


52% 


1280 


87 


2-7 


21.2 


30% 


52% 


5250 


345 


2-8 


10.8 


52% 


39% 


8.1 


0.58 


2-12 


14.6 


60% 


55% 


9.3 


0.65 


2-13 


6.0 


38% 


30% 


1.0 


0.08 


BW6F2 (young) 


20.9 


0 




0 


0.02 - 


BW6F2 (senescent) 


11.3 




0 


not done 


not done 



^ Mean TRF when telomere length is stabilized 
** TRAP activity compared with human 293 cell line 

Measured by qRT-PCR, normalized with Internal GAPDH level, and calculated relative to clone 2*13 



The cell lines exhibiting high steady-state hTERT mRNA levels and detectable hTERT protein (2- 
1 , 2-5 and 2-7) did not undergo telomere shortening and they fully maintained their telomere lengths. Line 
5 2-8 and 2-12, which had low levels of hTERT mRNA and undetectable levels of hTERT protein, exhibited 
telomere shortening but their telomeres were stabilized with a mean TRF greater than 10 kb. Lines 1-1 
and 2-13, with very low level of hTERT mRNA also exhibited telomere shortening but their telomeres 
shorten to an even greater extent and were only stabilized when the mean TRF was below lOkb. 

For karyotype analysis, slides with metaphase spreads were stained fn 5% Gurrs R66 Giemsa 
10 and then mounted. Results are shown in Table 3: 
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TABLE 3: Karyotype of hTERT-expressing sheep fibroblasts 



Cell line 


Population 
Doublings 


Days in - 




Number of Cells 


Abnormalities 


Culture 


00 


50 (100%) 


0 




1-1 


333 


36 


50 


50 (100%) 


0 






222 


197 


10 


8 (80%) 


2 )20%) 


SM 




318 


279 


30 


11 (37%) 


19 (63%) 


SmetDIC, Mar 




363 


322 


30 


2 (7%) 


28 (93%) 


SubM,SM.LM 


2-1 


29 


47 


30 


30 (100%) 


0 






231 


285 


30 


30 (100%) 


0 






264 


320 


30 


30 (100%) 


0 




2-5 


26 


47 , 


30 


30 (100%) 


0 






68 


95 


30 


30 (100%) 


0 






246 


285 


30 


30 (100%) 


0 






279 


320 


10 


29 (97%) 


1 (3%) 


LM 


2-7 


36 


48 


30 


30 (100%) 


0 






281 


281 


30 


30 (100%) 


0 






313 


316 


30 


29 (97%) 


1 (3%) 


SubM 


2-8 


35 


48 


30 


30 (100%) 


0 






228 


231 


10 


10 (100%) 


0 






286 


284 


30 


24 (80%) 


6 (20%) 






317 


316 


30 


15 (50%) 


15 (50%) 


SM,SubM 


2-12 


18 


32 


10 


10 (100%) 


0 






201 


230 


10 


10 (100%) 


0 






266 


279 


30 


29 (97%) 


1 (3%) 


Mar 




429 


433 


30 


16 (53%) 


14 (47%) 


LM 


2-13 


21 


49 


30 


30 (100%) 


0 






225 


280 


30 


5 (17%) 


25 (83%) 


Mar, Ring, DIG, LM, 




266 


322 


30 


0 


30 (100%) 


SM,LM,SM,SubM, 



Ring 

Die. dicentric; LM, large metacentric; Mar, marfcer chromosome; Ring, ring chromosome; SM, small metacentric; SubM, 
submetacentric 



At the beginning of their proliferative lifespan, all hTERT transfected clones showed normal 
karyotype. However, after about 220 population doublings, clones 1-1 and 2-13. started to exhibit a high 
frequency of abnormal karyotype (20% or more cells). These abnormalities included abnormal sub- 
metrocentric, dicentric and ring chromosomes, which likely resulted from chromosomal end-end fusions. 
The frequency of these abnormalities increased with cell ageing. Lines 2-8 and 2-12 also started to 
exhibit chromosomal abnonmalities after extended culture, although this occun-ed at later PDs than was 
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the case for lines 1-1 or 2-13. By contrast, cells 2-1, 2-5 and 2-7 essentially maintained a normal 
karyotype even at high population doublings, although very ocxjaslonally an abnonrtal karyotype was 
observed. The genomic instability of these cell lines was inversely correlated with the level of hTERT 
mRNA expression: high hTERT expressing lines, 2-1, 2-5, 2-7. showed no abnormal karyotype; low 
hTERT expressing lines 2-12 and 2-8. showed a low frequency of abnormality (3% and 20% 
respectively); and very low hTERT expressing lines M and 2-13 showed high frequencies of karyotypic 
abnormalities (63% and 83%, respectively). 

These data lead to the conclusion that high levels of TERT expression are required to maintain 
the genomic stability of these lines. When lower levels of TERT are present, the telomeres shorten and 
are then maintained at a standard length determined directly by the level of TERT expression. Genomic 
instability in temns of the timing and degree of karyotypic abnomialities is inversely related to the level of 
TERT mRNA expression. Thus, TERT may provide genomic stability by perfomning functions beyond 
telomere elongation. 

Example 4; Construction of targeting vectors 

Vectors have been constructed to disrupt the a(1,3)galactosyltransferase (a1,36T) gene and the 
prion protein (PrP) gene by homologous recombination. 

Vector for targeting galactosyltransferase 

The sequence of the sheep cDNA for a1,3GT is shown in SEQ. ID N0s:2 & 3. To develop 
genomic constructs, DNA was isolated from Black Welsh Mountain fetal fibroblasts, and a ^iDASHil 
phage library was constructed. Sau3A partially digested genomic DNA was dephosphorylated and 
ligated to compatible BamHI vector amis (Stratagene). The ligation products were packaged to produce 
recombinant phage, which were propagated on spi selective XL1-Blue-MRA(P2) bacterial cells. The 
resulting library had a complexity of 1.4 x 10® recombinants, and was subsequently amplified once. Six 
phage clones were isolated that spanned Exon-4, Exon-e-7 and Exon-9. 

Recombinant phage designated B, C and G, have been deposited as a pooled sample with the 
National Collections of Industrial and Marine Bacteria Limited (NCIMB), Abereieen. U.K, under Accession 
No. NCIMB 41056. The phage can be separated using the oligonucleotide probes 5'-GGGAGGAAGC 
GAAGGTGCA-3' (SEQ. ID N0:7), S'-CTTGATGGGT TTATCCAGAA CA-3' (SEQ. ID N0:8) and 
5'-TGATAATCCC AGCAGTATTC-3' (SEQ. ID N0:9), respectively. Each recombinant phage has also 
been deposited separately with the NCIMB under the following Accession numbers: Clone B. No. 41059; 
Clone C, No. 41060; and Clone G, No. 41061. 

A targeting vector was designed directed towards Exon 4 of the sheep a1 ,3GT gene. The vector 
comprises two regions that are complementary to genomic sequence; a 1.2-kb 5' amn, which Includes 
sequence from Intron 3 leading up to and including the start codon in Exon 4, and a -Q-kb 3' arm that 
initiates 1.5-kb into Intron 4, continuing to Intron 5. Separating these regions is neo'^-poIyA sequence. 
After homologous recombination, the vector confers neomycin phosphotransferase resistance to the ceils 
and deletes 1.5-kb of genomic sequence, including the first coding exon of a1,3GT gene. The entire 
cassette was cloned into pBlueScript™ for propagation in DH5a bacterial cells. 
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This vector was designated p0054. It was constructed by amplifying a truncated left sm (300bp. 
includes EcoRI site) (using primers 199001, 5'-ACGTGGCTCC AAGAATTCTC CAGGCAAGAG 
TACTGG-3\ SEQ. ID NO:10; and 199006, 5'-CATCTTGTTC AATGGGCGAT CCCATTATTT 
TCTCCTGGGA AAAGAAAAG-3\ with tall complementary to the start of neo coding sequence, SEQ. ID 
5 N0:11). and a neo-poiyA sequence obtained from Stratagene (using primers 199005. S'-CTTTTCTTTT 
CCCAGGAGAA AATAATGGGA TCGGCCATTG AACAAGATG-3\ SEQ. ID N0:12, with tail 
complementary to left ami; and 199004, 5'-CAGGTCGACG GATCCGAACA AAC-3\ SEQ. ID N0:13). 
These fragments were used to prime from each other to give a 1 .2-kb fusion product This was ligated to 
Intron 3 sequence, to extend the left ami, and to -9-kb of 3' sequence to create the right arm, which 

10 initiates 1 .5-kb into Intron 4, continuing to Intron 5. 

Another promoteriess vector is constructed, having the designation p0063. Instead of the neo 
drug resistance gene, it contains the pac gene that codes for puromycin N-acetyltransferase. pemiitting a 
second round of screening using a different drug. The pac sequence is available in piasmid pPUR from 
ClonTech. The oligonucleotide primers used to generate the 5'-psc-poIyA fusion were, for the 5' region, 

1 5 1 99001 (SEQ. ID N0:14) and 699002 (5'-GCGCACCGTG GGCTTGTACT CGGTCATTAT TTTCTCCTGG 
GAAAAGAAAA G-3', SEQ. iD N0:15), with tail complementary to the start of pac coding sequence; and, 
for pac-polyA, 699004 (5*-GAGAAAATAA TGACCGAGTA CAAGCCCACG GTGC-3' SEQ. ID N0:16), 
with tail complementary to left ami, and 699005 (5'-CTGGGGATCC AGACATGATA AGATAC-3' SEQ. ID 
N0:17). 

20 

Vectors for targeting Prion Protein 

The piasmid designated p0036 for homologous recombination to inactivate the sheep PrP gene 
responsible for scrapie , was constructed as follows. Phage corresponding to GenBank Accession 
Number U67922 (Lee et al.. Genome Res. 8:1022, 1998) was isolated using a PrP coding sequence 
25 probe (ATG start codon to TGA stop codon). PGR of the 5*arm using the sheep genomic library was 
perfomned using primers 6F (19786) and 7R (22278) to give a 2.4kb fragment This also engineered a 
Saci site to the 5'end of the vector, which allowed the final vector to be linearized before transfection, 
PGR of neo-pA (from pMCI-neo; Stratagene) sequence was perfomied using primers 10F and 8R to give 
a 0.9kb fragment. 

30 Primers 7R and 10F, which were used to produce these products, also contained sequence 

corresponding to the start of the neo gene and to the end of the 3' arm, respectively. By incubating the 
2.4kb and 0.9kb fragments together in a second PGR reaction, they primed from each other to produce 
the fusion product of 3.3kb. This product vras cloned into Sad and Sail sites in pBIuescript To complete 
the vector, a -Skb Kpnl fragment (23721 to 26748) was cloned into the Kpnl site of the above precursor 

35 vector. 

The primers used were as follows: Primer 6F: CCGAGCTGG CCAATTTCAT 
GGCTGCAGTCACC (SEQ. ID N0:18). Primer7R: CGATCCGAT GATGACTTCT CTGGAAAATAAAG 
(SEQ. ID N0:19). Primer 10F: GAGAAGTCA TCATGGGATC GGCCATTGAAGA (SEQ. ID NO:20). 
Primer 8R: TGGAGGTCG AGGGATGCGAA (SEQ. ID N0:21). 

40 
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Eiectroporation conditions were optimized using a p-galactosidase mariner plasmid, 
pCMV-Sport-pgal (Gibco). Using a 0.4 cm cuvette witti 3x10^ cells (0.8mL, 6 iug plasmid DNA) and a 
setting of 250 |iF ; 400 Volts (Gene Pulser, BioRad), 10-30% of the surviving fibroblasts stained positive 
for p-gal expression. 

For targeting the a1,3GT gene, 10, 25 or 100 jig of Noti linearized p0054 vector was mixed with 
1x10^ early passage Black Welsh Mountain fetal fibroblasts and pulsed. Cells were grown on tissue 
culture plastic for 24 h before G418 was added at 300^g/mL. After 10-14 days, colonies were isolated. 

For targeting the PrP gene, 10 to 100 |ig of Sad linearized p0036 vector was mixed with 1x10^ 
early passage Black Welsh Mountain fetal fibroblasts (BW6F2) and pulsed at 250uF:400V. Cells were 
grown on tissue culture plastic for 24 h, and then G418 was added to the medium at 400[ig/mL. After 10- 
14 days, colonies were isolated. 

Site-specific recombination was detected by PGR amplification. Wild type and targeted a1,3GT 
alleles were detected using sense (399010, 5'-CAGCTGTGTG GGTATGGGAG GG-3'; SEQ. ID NO:22) 
and antisense (499006, 5'-CTGAACTGAA TGITTATCCA GGCCATC^'; SEQ. ID NO:23) PGR primers, 
yielding products of 2.6-kb and 2.2-kb, respectively. A second PGR screen with primers 399010 (SEQ. ID 
NO:22) and 399005 (S'-AGCCGAHGT CTGTTGTGGG GAGTGAT-3'; SEQ. ID Isl0:24) produced a 
fragment of 1 .5-kb only in clones that were correctly targeted, 

PGR amplification for wild type and targeted PrP alleles was performed using sense (Target F1, 
5'-TTGAGTGGCT CTGTTGTGTG GGA-S'; SEQ. ID NO:25) and antisense (Target R1. 5'-AGGATCGGTC 
GTGGCTTGAG TTCTTC-3'; SEQ. ID NO:26) PGR primers, yielding products of 4.6-kb and 3.9-kb, 
respectiveiy. A second PGR screen with primers Target R1 (SEQ. ID NO:26) and 399005 (SEQ. ID 
NO:24) produced a fragment of 3-kb only in clones that were correctly targeted. 

For Southenfi blot analysis of the a1,3GT gene, probe fragments were generated as follows. 
Oligos 800-005 and 800-006 were annealed by reducing the temperature by VC every 5 min from 94X 
to 4X. 800^05 forward= GAT 000 AGO TGT GTG GGT ATG GGA GGG AAA GGG GAG GTG GGA 
AAT GGT TGG GTG TGA ATT GTA AAA GAG GAG GAT GGT TTG TGC TGT GAA GGG GGG AGG 
AGG TAG TTA GG (SEQ. ID NO:27); 800-006 reverse= GAT GGG TAA GTA GGT OCT GGG GGG TTG 
AGA GGA GAA AGG ATG GTG GTG TTT TAG AAT TGA GAG GGA AGG ATT TCG GAG GTG GGG TTT 
GGG TCG GAT ACC GAG AGA GGT GG (SEQ. ID NO:28). These oligos conespond to genomic 
sequence immediately 5' to the left ami of the aGT targeting vector. They were ligated together by virtue 
of the engineered BamHI overhang sequences on each end thus forming a concatamer containing three 
repeated oligo sequences. For PrP, the region from 16701 to 17151 of accession u67922 was amplified 
by PGR and used as a probe fragment This lies 5* of the left ami of the PrP targeting vector. 

Southern analysis was conducted as follows. 10 pg genomic DNA was digested with BamHI. 
electrophoresed, and transfen-ed to Ambion Bright Star™" membranes, using the Southem Max™ system 
according to manufecturer's directions. Membranes were prehybridlzed In Ambion Uitrahyb™ solution at 
42'G; then probe WiS added and the incubation continued at the same temperature overnight. 
Membranes were washed in buffers of increasing stringency at 42'C. Patterns of hybridization were 
detected using a BioRad phosphorimager. Conditions for PrP S. blots were perfomied in the same way 
except genomic DNA was digested with Bgll restriction enzyme. 



26 



wo 02/074935 



PCT/GB02/01364 



Figure 5 shows schematically the targeting of the a1.3GT and the PrP genes undertaken in 
primary sheep fibroblasts. Each targeting vector replaces part of the protein encoding region with a 
shorter sequence that interrupts the normal encoding region, and simultaneously Inserts a drug selection 
gene, and alters the distance between restriction enzyme cleavage sites. Successfully targeted clones 
are detected as an altered PGR amplification product, or by a different restriction fragment on Southern 
blot analysis of BamH I digested DNA. 

The frequency of site-specific recombination observed in these experiments Is shown in Table 2: 



TABLE 2: Gene Targeting Efficiency in Primary Sheep Fibroblast Cultures 


Parental culture 


Target locus 


Drug resistant 
colonies 


Targeting events 
detected 


Colonies 
suitable for 
nuclear transfer 


Black Welsh 


. a1.3GT 


877 


10(1.1%) 


0(0%) 


Black Welsh 


PrP 


533 


56 (10.3%) 


1 (0.2%) 


Finn Dorset 


a1,3GT 


568 


35 (6.2%) 


2(0.4%) 



Ceils were prepared for nuclear transfer by the method already described, namely semm 
starvation for 5 days prior to use as a donor. Nuclear transfer is typically conducted as follows. Oocytes 
are harvested from adult female breeding sheep treated with an analogue of gonadotrophin releasing 
hormone (Buserelin™, given 24 h after sponge removal). The oocytes are stripped of cumulus cells by 
triturating with a pipette and incubating with hyaluronidase. They are then enucleated by removing the 
first polar body and metaphase plate. A single targeted nuclear donor cell Is Introduced under the zona of 
each oocyte. The cell combination is subject to simultaneous electrofusion and activation (0.25 kV cm"^ 
AC for 5 sec. to align oocyte and donor cell, followed by 3 pulses of 125 kV cm''' DC for 80 psec to fuse 
and activate the reconstructed embryo). The activated cell is maintained in culture overnight at 39°C. 
Next day, the cells are embedded in agar chips to protect from macrophages, and then transferred to the 
llgated oviduct of a temporary recipient 

Estrous Is controlled in the temporary recipient by treatment with intravaginal progestagen 
sponge for 11 to 16 days, with or with subcutaneous or intramuscular Injection of 500 i.u. of PfWSG. The 
timing brings the temporary recipients to estrus -3 days before the oocyte donors. Ceils are collected 
under general anesthesia using barbiturate followed by gaseous anesthetics. The reproductive tract is 
exposed by midventral laparotomy; placing ligatures of silk at each uterotubal junction, and embryos are 
transfen-ed through the fimbriated end of the oviduct The laparotomy is then closed, and a tong-acting 
antibiotic is administered. The embryos are flushed from the temporary recipient after 6 days, and 
developing embryos are removed from the agar chip. 

Blastocysts and momla are then transferred into the recipients that will carry the embryo to term. 
Estms is controlled by treatment with an intravaginal progestagen sponge for 11 to 16 days, bringing the 
final recipients to estrus simultaneously with the oocyte donor. The permanent recipients are 
anesthetized by Intravenous barbiturate and gasepus anesthetics, the reproductive tract Is exposed by 
mid-ventral laparotomy, and the oviduct or uterus is temporarily cannulated for transfer of the embryos. 
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Alternatively, three small puncture Incisions are made anterior to the udder, and a laparoscope, 
manipulafng forceps and needle are inserted for manipulation of the uterus. The oviduct or uteais is 
temporarily cannulated for transfer of the embryos, and the incision is sutured closed. 

Recipients of oocytes with a targeted nucleus, engrafted in the manner outlined, were monitored 
for the status of their pregnancy by subcutaneous ultrasonic scanning on a weekly basis. For animals 
maintaining their pregnancy, the progress of the fetus is monitored regularly by ultrasound, and brought to 
term. Results are shown In Table 3. TTie longest-lived animal bom with a PrP l<nocltout survived 12 
days. 



TABLE 3: Nuclear Transfer from Gene Targeted Primary Cells 
Stage of Animal Cloning Nuclear donor cell 



Parental Finn a1 ,3GT targeted PrP targeted 
Dorset 



Reconstructions 


126 


142 


454 


Momla and blastocyst 


33 


21 


43 


Fetuses at day 60 


5 


5 


8 


Lambs at birth; live (dead) 


0(2) 


0 


3(1) 


Lambs alive at 1 weel< 


0 


0 


1 



Example 6: Gene taraetino in telomerized fibroblasts 

Primary Black Welsh fibroblasts (designation BW6F2) were transfected with the hTERT gene as 
described in Example 1. The characteristics of telomerized clone GRN1.1 are described in Example 2. 

GRN1 .1 cells at passage 5 or 25 were resuscitated into T1 76 flasks and grown to subconfluency. 
Cells (2.8 X 10^ passage 5; 8.3 x 10^ passage 25) were electroporated with 10 \iq of NotI linearized 
p0054 targeting vector, using a setting of 125 ^F: 350 V in Flowgen™ 0.4 cm / 800 \x\ cuvettes. Diluted 
cells were plated to 20 x 96 well plates. The next day, G418 (600 ^g 7mL) was added to the medium to 
begin the selection process. Cell death appeared after 8-10 days in G418, much longer than when using 
parental BW6F2 cells. Colonies were observed after -2 weeks and replica plated (41 colonies from 
passage 5 cells; 2 colonies from passage 25 cells) on day 20 of selection. 

Figure 6 shows results of PCR analysis on DNA isolated from the selected colonies. Lanes: 1-5 
= primers for neo gene; 6-10 = primers for wild-type or targeted a1,3GT sequence. 1, 6 = B9 low DNA 
cone, (targeted). 2, 7 = B9 high DNA cone, (targeted). 3, 8 " C9 low DNA cone. 4, 9 = C9 high DNA 
cone. 5, 10 = 312 targeted positive control DNA. One targeting event (clone B9) was detected from the 
passage 5 electroporation. 

This clone and eight non-targeted clones were resuscitated in 24 well plates. In all cases, cells 
grew to confluency. The B9 (correctly targeted) cell line, and the C9 cell line (one of the eight containing 
randomly Integrated a1 ,3GT) grew fastest Clones B9 and C9 have been karyotyped, and both are 54XY. 

Thus, telomerized sheep fibroblasts were successfully targeted with the promoteriess neo 
a1,3GT targeting vector, p0054. The targeted clone (89) has been expanded, and retains a stable 
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karyotype. This clone exists as a pure population of targeted cells and continues to grow at passage 17 
(-80 doublings). Successfully targeted clones can be used for nuclear transfer, or for targeting the same 
gene on the other allele, thereby creating a homozygous knockout 

Example 7: Taroetina and telomerizina fibroblasts sImultaneQuslv 

This example illustrates the design and use of targeting vectors that can be used to 
simultaneously inactivate an endogenous gene, and telomerize the cells for Improved proliferation and 
genomic stability. 

Figure 7 is a map of the two promoter-less-neo PrP gene knockout targeting vectors that were 
constructed. Both vectors have a 5' ami and a 3' amn of the sheep PrP gene. The 5' arm is a fusion DNA 
fragment with the 3' end of sheep PrP gene intron 2 and 6' end of exon 3. The 3' arm Is the 3' end of 
sheep PrP gene exon 3. Contiguous with the sheep PrP 5* ami is the neo resistant gene whose 
transcription relies on the endogenous PrP promoter. Both vectors have the human telomerase gene 
(hTERT) Inserted between PrP 5' and 3' amis and a phosphogfycerate kinase (PGK) promoter flanking 5' 
end of hTERT to direct its expression. The pPGK-hTERT gene in the two vectors is fonward or reverse 
orientation, as Indicated by anrows (fonvard for p115F and reverse for p115R). In addition, there are FRT 
site-specific recomblnase siies on both sides Of neo (for excision of neo gene with flp recombinase). plus 
aloxP sites on either side of neo and hTERT (for excision with Cre recomblnase). 

The pi 15R or p115F vectors were used to target sheep fibroblasts compared with the p0036 PrP 
targeting vector which does not contain hTERT. The results are summarized in Table 4, 



TABLE 4: PrP Targeting Efficiency using hTERT Containing Vectors 



Parental Line 


PrP Targeting 
Vector 


No.ofG418 
Resistant 
Colonies 


Targeting Events 
Detected 


Targeted Colonies 
Resuscitated 


754F1 
(Poll Dorset) 


p115R 
(hTERT) 


114 


10 (8.8%) 


7 (6.1%) 


754F1 
(Poll Dorset) 


p115F 
(hTERT) 


291 


7 (2.4%) 


6 (2%) 


69F1 
(Poll Dorset) 


p0036 
(no hTERT) 


59 


1 (1.7%) 


0 



Seventeen targeted cell clones were Identified, of which 13 reached confluence after resuscitation. 
Overall. 3.2% of 641 8 resistant targeted clones were recovered without senescence. This contrasts to 
recovery frequencies below 1% using PrP targeting vectors without hTERT, Thus. Including hTERT in 
gene targeting vector can increase the effective gene targeting efficiency by more than 10 fold. 

Table 6 shows the karyotype analysis of five of the cell lines established from successfully 
targeted fibroblasts. Thirty cells were analyzed for each line. 
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TABLE 5: Karyotype of Targeted Cell Lines 





<52 


52 


53 


54 


55 


56 >56 


Cnnf^lij^inn 


115F^C5p4 








30 






54 XX 


115F-A1p4 




1 




29 






54 XX 


115R-D3p6 








29 


1 




54 XX 


115R^2p5 


1 


2 


3 


24 






54 XX 


115F-G9p4 




1 




29 






54 XX 



These results show that in 4 of the 5 cell lines, virtually all the cells had the nonnal 54 autosomes 
characteristic of the sheep. 

Figure 8 shows PGR analysis to identify cells in which the PrP gene was successfully targeted. 
The first primer hybridizes 5' to the PrP intron 2, and has the sequence TTCAGTCGC 
TCTGTTGTGTCCCA (SEQ. ID NO:29). The second primer hybridizes at the 3' end of PrP exon 3, and 
has the sequence AGCATCCC TCCTGCCTTC AGTTCTTC (SEQ. ID NO:30). Since Intron 2 is deleted 
upon targeting, the second primer but not the first will hybridize where targeting Is successful, and no 
amplification product will be produced (top panel). When the first primer is substituted with a sequence 5' 
to the neo gene {AGCCGATTG TCTGTTGTGC CCAGTCAT; SEQ. ID N0:31), amplification product 
should be obtained. 

The results show that the PrP -neo band was amplified for the five targeted lines 115R-B2 (B2), 
115R-D3 (D3). 115F-C5 (C5), 115F-G9 (G9) and 115F-A10 (A10), Indicating homologous recombination 
with the targeting vector. Two PrP bands (3.9 and 4.6 Kb) amplified from L12, a ceil line previously 
targeted with the p0036 vector which does not contain hTERT. As predicted, no PGR amplification took 
place using the neo primer in either the non-targeted cell line, 754F1-A1 (A1) or the parental cell line, 
754F1 (F1). 

Figure 9. shows Southem analysis of DNA prepared from resuscitated cells. The PrP probe 
was 450 bp in length amplified with a pair of PrP specific primers. 21 F (CAAAAGAACT AGTTGCCC 
AATAAAC; SEQ. ID N0:31) and 21 R (TAACAAATT TTACTTGCTGC TTGTG; SEQ. ID NO:33). The 
probe hybridizes to intron 2 of the PrP gene, showing a 6 kb Bgll band in the wild type. When 
homologous recombination occurs, this Bgll site is deleted and a fragment of 1.3 kb from neo-hTERT 
added. In cells targeted with either p115R or p115F, the probe detected a second band of 7.3 kb 
corresponding to the targeted allele. 

Figure 10 shows the telomere restriction fragments (TRF) of targeted and non-targeted cell lines. 
After DNAs were digested and blotted, a labeled telomere repeat sequence vras used to hybridize the 
blot The result shows here, that all the targeted cell lines, 115R-B2 (B2), 115R-D3 (D3), 115F-G5 (C5), 
1 15F-G9 (G9) and 115F-A10 (A10) as well as the eariy passage parental cell line, 754F1 (F1) maintained 
their telomere iengtiis. In most differentiated cells, the telomerase activity is not expressed and telomere 
length shortens with each cell division. Thus, both the non-targeted fibroblast line 754F1-A1 (A1) and 
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cells targeted without telomerization (L12) the telomeres shortened. Human genomic DNA (HG) was 
used here as control. Quantitation of TRF length Is shown in Table 6. 



TABLE 6: Characteristics of Targeted Colonies 



Targeted 


Targeting 




Targeting Contimied 


Normal 


TRF 


Colony 


Vector 


Passage 


PCR 


Southern 


Karyotype 


115R-B2 


p115R 


P5 


+ 


+ 


80% 


Long 


115R-D3 


p116R 


P6 


+ 


+ 


97% 


Long 


115F.C5 


p115F 


P4 


+ 


+ 


100% 


Long 


115-G9 


p115F 


P4 


+ 


+ 


97% 


Long 


754F1 










100% 


Long 


754F1-A1 




P4 






97% 


Short 



The telomeres of cell lines simultaneously targeted 'and telomerized are the same length as early 
passage sheep fibroblasts — and (unlike non-telomerized cells) are maintained in proliferative culture. It 
is predicted that these cells are suitable for nuclear targeting with or without further genetic modification. 

1 0 The compositions and procedures provided in the description can be effectively modified by those skllied 
In the art without departing from the spirit of the invention embodied In the claims that follow. 



Sequence Data 



15 



TABLE 7: Sequences Listed in this Disclosure 



SEQ. ID NO: Descriptive Annotation Species of Origin 

1 Sequence of plasmid pGRN145, containing Artifldal construct comprising human TERT, 
the human TERT sequence. myelopnolifBrative sarcoma vlras (IVtPSV) 

promoter, and vector components 

2 a1 .3GT cDNA sequence Sheep 

3 a1 t3GT amino acid sequence Sheep 

4 PrP cDNA sequence Sheep 

5 PrP cDNA amino acid sequence Sheep 

6 Sequence of plasmid pWGB5a, in which the Artificial construct comprising human TERT, 
hTERT expression cassette Is flanked on myeloproliferative sarcoma vims (MPSV) 
each side by a loxP recombination promoter, and vector components 
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TABLE 7; Sequences Listed in this Disclosure 



SEQ. ID NO: Descriptive Annotation Species of Origin 

recognition site 



7 to 33 Probes and PGR primers Artificial sequences and sequence 
fragments 



SEQ. ID N0:1 
TGATC 

ctctagagtcggtgggcctcgggggcgggtgcggggtcggcggggccgccccgggtggcttcggtcggag 

CCATGGGGTCGT6CGCTCCTTTCGGTCGGGC6CTGCGG6TCGTGG6GCGG 

GCGTCAGGCACC6GGCTTGCGGGTCATGCACCAGGTCQCGCGGTCCTTCG 

6GCACTCGACGTCGGCGGTGACGGT6AAGCCGAGCCGCTCGTAGAAGGGG 

AG6TTGCGGGGCGCGGAGGTCTCCAGGAA6GC66GCACCCCGGCGCGCTC 

GGCCGCCTCCACTCCGG6GAGCACGACGGCGCTQCCCAGACCCTTCCCCT 

GGTGGTCGGGCGAGACGCCGACGGTG6CCAGGAACCAC6C66GCTCCTTG 

66CCGGTGCGGCGCCAGGAGGCCTTCCATCT6TT6CT6CGCGGCCA6CCG 

GGAACCGCTCAACTCGGCCATGCGCGGGCCGATCTCGGCGAACACCGCCC 

CCGCTTC6ACGCTCTCCGGCGTGGTCCAGACCGCCACCGCGGCGCCGTCG 

TCCGCGACCCACACCTTGCCGATGTCGAGCCC6ACGCGCGT6AGGAAGAGTTCTTGCAGCTCGGTGACCC 

GCTCGATGTGGCGGTcagggtccactgtatggcgtgttgcagGGTAGTCGGCGAACG 

C6GCGGCGA6G6TGC6TACGGCC 

C6GG66ACGTCGTCGCG66TGGCGAGGCGCACCGT6G6CTTGTACTCGGT 

CATGGAAGGTCGTCTCCTTGTGAGGdGTCAGGGGCGTGGGTCAGGGGATGGTGGCGG 

CACCGGTCGTGGCGGCCGacGGCCTCCAAAAAAGCCTCCTCACTACTTCT 

6GAATAGCTCAGA6GCCGA6GC6GCCTCGGCCTCT6CATAAATAAAAAAAATTAGTCAGCCATGGGGCGGAGA 

ATGGGCGGAACTG6GC6GAGTTA6GGGCG6GATGGGCGGAGTTAGGGGCG 

GGACTATGGTTGCTGACTAATTGAGAT6CATGCTTTGCATACTTCTGCCT 

GCT6G6GAGCCTGGGGACTTTCCACACCTGGTT6CTGACTAATTGA6ATG 

CATGCTTTGCATACTTCTGCCTGCTGGGGA6CCT66GGACTTTCCACACC 

CTAACTGACACACATTCCA 

CAGcct 

ggcgcgcg 

agaTCC 

A6ACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAAT 

GCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTA 

TAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCA6GG6 

GAG6TGTG6GAGGTTTTTTAAA6CAA6TAAAACCTCTACAAATGTGGTATG6CTGATTATGA 

TCTCTAGTCAAGGCACTATACATCAAATATTCCTTATTAACCCCTTTACAAATTAAAAAGCTAAAGGTA 

CACAATTTTTGAGCATAGTTATTAATAGCAGACACTCTATGCCTGTQTGGAGTAAGAAAAAACAGTATGTTA 

TGATTATAACTGTTATGCCTACTTATAAAGGTTACAGAATATTTTTCCATAATTTTCTTGTATAGCAGTGCA 

GCmTTCCTTTGTGGTGTAAATAGCAAAGCAAGCAAGAGTTCTATTACTA 

AACACAGCATGACTCAAAAAACTTAGCAATTCTGAAGGAAAGTCCTTGGGGTCTTCTACCTTTCTCTTCTTTTTTGGAGGAG 

TAGAATGTTGAGAGTCAGCAGTAGCCTCATCATCACTAGATGGCATTTCTTCTGAGCAAAACAG6TTTTCCT 

CATTAAAGGCATTCCACCACTGCTCCCATTCATCAGTTCCATAGGTTGGAATCTAAAATACACAAACAATTA 

GAATCAGTAGTTTAACACATTATACACTTAAAAATTTTATATTTACCTTATAGCTTTAAATCTCTGTAG6TA 

GTTTGTCCAATTATGTCACACCACAGAAGTAAGGTTCCTTCACAAAGATCTAAAGCCAGCAAAAGTCCCATG 

GTCTTATAAAAATGCATAGCTTTA6GAGGGGAGCAGAGAACTT6AAAGCATCTTCCTGTTA 

6TCTTTCTTCTCGTAGACTTCAAACTTATACTTGAT6CCTTTTTCCTCCTGGACCTCAGAG 

AGGAC6CCTGG6TATTCTGGGAGAA 

GTTTATATTTCCCCAAATCAATTTCTG6GAAAAACGTGTCACTTTCAAAT 
TCCTGCATGATCCTT6TCACAAAGA6TCTAAGGT66CCTGGTTGATTCAT 
G6CTTCCTGGTAAACAGAACTGCCTCCGACTATCCAAACCATGTCTACTTTACTTG 
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CCAATTCCGGTTGTTCAATAAGTCTTAAGGCATCAT 
CCAAACTTTT6G 

CAAGAAAATGAGCTCCTC6TGGTGGTTCTTTGAGTTCTCTACTGAGAACTATATTAATTCTGTCCTTTAAAGGTCGATT 
CTTCTCAGGAATGGAGAACCAGGTTTTCCTACCCATAATCACCA6ATTCTGTTTACCTTCCACTGAAGA6GTTGTGGTC 
ATTCTTTG6AAGTACTTGAACTCGTTCCTGAGCGGAG 

GCCAGGGTAGGTCTCCGTTCTT6CCAATCCCCATATTTTGGGACACGGCGAC6ATGCAGTTCAATGGTCGAACCAT 
GATG6CA6CGGG6ATAAAATCCTACCAGCCTTCACGCTA6GATTGCCGTCAAGTTTGGCGCGAAATCGCAGCCCT6 
AGCTGTCCC 

CCCCCCCAAGCTATTTGCCAAAGCCT66GCCTCCAAAAAAGC 
CTCCTC 

ACTACTTCTGGAATAGCTCAGAGGCCGAGGCGGCCTCG6CCTCTGCATAAATAAAAAAAATTA6TCAGCCAT 

GGGGCGGAGAATGGGC6QAACT6GGCG6AGTTAGGGGCGGGATGGGCGGAGTTA6GGGCGGGACTAT6GTTG 

CTGACTAATTGAGAT6CATGCTTTGCATACTTCT6CCTGCTGGGGAGCCTGGGGACTTTCCACACCTGGTTG 

CTGACTAATTGA6ATGCATGCTTTGCATACTTCTGCCTGCTGGGGAGCCT6GGGACTTTCCACACCCT 

AACT 

6ACACACATTCCACAGATCCCGCAAGAGGCCCGGCA6TACC66CATAACCAAGCCTATGCCTACAGCATCCA 
GGGTGAC6GTGCCGAGGATGACGATGAGCGCATTGTTAGATTTCATACACGGTGCCTGACTGCGTTAGCAAT 
TTAACTGT 

6ATAAACTACCGCATTAAAGCTAAGCGATTAGTCCAATTTG 

TTAAAGACAGGATATCAGT6GTCCA 

GGCTCTAGTTTTGACTCAACAATATCACCAGATT 

GGCTCTAGTTTTGACTCAACAATATCACCAGCTGAAGCCTATAG 

AGTAC6A6CCATAGATAGAATAAAAGATTTTATTTAGTCTCCAGAAAAAG 

666G6AATGAAA6ACCCCACCT6TA6GTTTGGCAAGCTAGCTTAAGTAAC 

GCCATTTTGCAAGGCATGGAAAATACATAACTGAGAATAGAGAAGTTCAG 

ATCAAGGTTAGGAACAGAGAGACAGCAGAATATGG6CCAAACA6GATATC 

TGT6GTAAGCAGTTCCT6CCCCGGCTCAGGGCCAAGAACAGTT6GAACAG 

CAGAATATGGGCCAAACAGGATATCTGTGGTAA6CAGTTCCTGCCCCGGC 

TCA6GGCCAAGAACAGAT6GTCCCCAGATGCG6TCCCGCCCTCAGCAGTT 

TCTAGAGAACCATCAGATGTTTCCAGGGTGCCCCAAGGACCTGAAATGAC 

CCTGTSCCTTATTTGAACTAACCAATCAGTTCGCTTCTCGCnCTGTTCG 

C6C6CTTCTGCTCCCCGAGCTCAATAAAA6AGCCCACAACCCCTCACTCG 

6CGCGCCAGTCCTCCGATAGACTGCGTCGCCCG 

GGTACC 

GAGCTCGAATTGATCTCGA6GAACT 

GAAAAACCAGAAAGTTAACTGGTAAGTTTAGTCTTTTTGTCTTTTATTTC 
AGGT 

CCCGGATCG 
GAATTC 

CACCATGCC6CGCGCTCCCCGCTGCCGAGCCGTGCGCTCCCTGCT 

GCGCA6CCACTACCGCGAGGTGCTGCCGCTGGCCACGTTCGTGCGGC6CCT6GGGCCCCAGGGCTG6C6GCTG 
GTGCAGCGCGGGGACCCGGCGGCTTTCCGCGCGCTGGTGGCCCAGTGCCTGGT6TGCGTGCCCTGGGACGCAC 
GCCCGCCCCCCGCCGCCCCCTCCTTCC6CCAGGTGTCCTGCCTGAAGGAGCTGGTGGCCCGA6T6CTGCAGAG 
GCTGTGCGAGCGCGGC6CGAAGAACGTGCTG6CCTTCGGCTTCGCGCT6CTGGACGGGGCCC6CGG6GGCCCC 
CCCGAGGCCTTCACCACCAGCGTGCGCAGCTACCTGCCCAACACGGTGACCGACGCACT6CGGGGGAGCGGGG 
CGTGGGGGCTGCTGCTGCGCCGCGTGGGCGACGACGTGCTGGTTCACCTGCTG6CACGCT6CGCGCTCTTTGT 
6CTGGTG6CTCCCAGCTGCGCCTACCAGGTGTGCGGGCCGCCGCTGTACCAGCTCGGCGCTGCCACTCAGGCC 
CGGCCCCC6CCACACGCTAGTGGACCCCGAAGGCGTCT6GGATGCGAACGG6CCTGGAACCATAGC6TCAGGG 
A6GCCGGG6TCCCCCTGG6CCTGCCAGCCCCGGGTGCGAGGAGQCGC6GGGGCAGTGCCAGCCGAA6TCTGCC 
GTTGCCCAAGAGGCCCA6GC6TGGCGCTGCCCCTGAGCC6GA6CGGACGCCCGTTGGQCAGGG6TCCTGGGCC 
CACCCGGGCAGGACGCGTGGACCGAGTGACCGTGGTTTCTGTGTGGTGTCACCTGCCAGACCC6CCGAAGAAG 
CCACCTCTTTGGAGGGTGC6CTCTCTGGCACGC6CCACTCCCACCCATCCGTGGGCCGCCAGCACCACGCGGG 
CCCCCCATCCACATCGCG6CCACCACGTCCCTGGGACACGCCTTGTCCCCCGGTGTACGCCGAGACCAAGCAC 
TTCCTCTACTCCTCAGGCGACAAGGAGCAGCTGCGGCCCTCCTTCCTACTCAGCTCTCTGAGGCCCAGCCTGA 
CTGGCGCTCGGAGGCTCGTGGAGACCATCTTTCTGGGTTCCAGGCCCTGGATGCCAGGGACTCCCCGCAGGTT 
GCCCCGCCTGCCCCAGCGCTACTGGCAAATGCGGCCCCTGTTTCTG6AGCTGCTT6GGAACCACGCGCA6TGC 
CCCTACGGGGTGCTCCTCAAGACGCACTGCCCGCTGCGAGCTGCGGTCACCCCAGCAGCCGGTGTCT6TGCCC 
66GA6AA6CCCCA6GGCTCT6T66C6GCCCCC6A6GAG6AG6ACACAGACCCCCGTCGCCTG6TGCAGCTGCT 
CCGCCAGCACAGCAGCCCCTGGCAGGTGTACG6CTTCGTGCG6GCCTGCCTGCGCCGGCT6GTGCCCCCAGGC 
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CTCTG6GGCTCCAGGCACAACGAACGCCGCTTCCTCAGGAACACCAAGAAGTTCATCTCCCTGGGGAASCAT6 

CCAAGCTCTCGCTGCAGGAGCTGACGT6GAAGATGA6C6TGCGGGACTGC6CTTGGCTGCGCA6GA6CCCAG6 

G6TTG6CTGTGTrCCG6CCGCAGA6CACCGTCT6CGTGA6GAGATCCTG6CCAAGTTCCT6CACTG6CT6AT6 

AGTGT6TACGTCGTCGAGCTGCTCAGGTCTTTCTTTTATGTCACGGAGACCACGTTTCAAAAGAACA6GCTCT 

TTTTCTACCG6CCGA6TGTCT6GAGCAAGTTGCAAAGCATTGGAATCAGACAGCACTTQAAGA6GGTGCAGCT 

GC6GGAGCTGTCG6AAGCAGA6GTCAG6CAGCATCGGGAAGCCAGGCCCGCCCTGCTGACGTCCAGACTCCGC 

TTCATCCCCAA6CCTGACGGGCT6CGGCCGATTGTGAACATG6ACTACGTCGTGGGAGCCAGAACGTTCCGCA 

GAGAAAAGAGG6CCGAGCGTCTCACCTC6AGGGTGAAGGCACTGTTCAGCGTGCTCAACTACGAGCGGGC6CG 

GCGCCCC6GCCTCCTGGGCGCCTCTGTGCTGGGCCTGGACGATATCCACAGG6CCTGGC6CACCTTCGTGCTG 

CGTGTGCGGGCCCAGGACCCGCCGCCTGAGCTGTACTTTGTCAAGGTGGATGTGACGGGC6CGTACGACACCA 

TCCCCCAGGACAGGCTCACGGAGGTCATCGCCAGCATCATCAAACCCCAGAACACGTACTGCGTGCGTCGGTA 

TGCCGT6GTCCAGAAGGCCGCCCATGGGCACGTCCGCAAGGCCTTCAAGAGCCACGTCTCTACCTTGACAGAC 

CTCCAGCCGTACAT6CGACAGTTCGTGGCTCA 

CCTGCAGG 

AGACCAGCCCGCT 

GA6GGATGCC6TCGTCATC6AGCAGA6CTCCTCCCTGAATGAGGCCA6CAGTG6CCTCTTCGAC6TCTTCCTA 

CGCTTCATGT6CCACCACGCCGT6C6CATCAGGGGCAAGTCCTACGTCCAGT6CCAGGGGATCCCQCAGGGCT 

CCATCCTCTCCACGCT6CTCTGCAGCCTGT6CTACGGCGACATGGAGAACAAGCTGTTTGCGGGGATTC6GCG 

GGACGGGCTGCTCCTGCGTTTGGTGGATGATTTCTTGTTGGTGACACCTCACCTCACCCACGCGAAAACCTTC 

CTCAGGACCCTGGTCCGAGGTGTCCCTGAGTArGGCTGCGTGGTGAACTTGCGGAAGACAGTGGTGAACTrCC 

CTGTAGAAGACGAGGCCCTGGGTG6CACGGCTTTT6TTCAGATGCCGGCCCAC6GCCTATTCCCCTGGTGCGG 

CCTGCTGCTGGATACCC6GACCCT6GAGGTGCAGAGCGACTACTCCAGCTATGCCC6GACCTCCATCAGA6CC 

AGT6TCACCTTCAACCGC6GCTTCAAGGCT6GQAGGAACATGCGTCGCAAACTCTTTGGGGTCTTGCG6CTGA 

AGTGTCACAGCCTGTTTCTG6ATTTGCAGGTGAACAGCCTCCAGAC6GT6TGCACCAACATCTACAAGATCCT 

CCTGCTGCAG6CGTACAGGTTTCACGCATGTGT6CTGCAGCTCCCATTTCATCAGCAA6TTT6GAAGAACCCC 

ACATTTTTCCT6CGCGTCATCTCTGACACGGCCTCCCTCTGCTACTCCATCCTGAAA6CCAAGAAC6CA6GGA 

TGTCGCTGGGGGCCAAQGGCGCC6CCGGCCCTCTGCCCTCCGAGGCCGTGCAGTGGCTGTGCCACCAAGCATT 

CCTGCTCAAGCTGACTCGACACCGTGTCACCTACGTGCCACTCCTG6GGTCACTCAGGACAGCCCAGACGCAG 

CT6AGTCGGAAGCTCCC6GGGACGACGCTGACTGCCCTG6AGGCCGCAGCCAACCCGGCACT6CCCTCA6ACT 

TCAAGACCATCCTGGACT6A 

TGGGAC 

GCGGCC6C 

TCTAGAACTAGTGGATCCCCCGGGCTGCAG 
GAATTC 

TCACGTGC6GATCCACCTAGGTGTCGACCT6CAGGTCGCGAAGCTTCGATCCAG 

ACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAG 

AATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTT 

TATTTGTAACCATTATAAGCT6CAATAAACAAGTTAACAACAACAATTGC 

ATTCATTTTATGTTTCA6GTTCAG6GGGAGGTGTGGGAGGTTTTTTAAA6 

CAAGTAAAACCTCTACAAATGTGGTATGGCTGATTATGATCCGGCTGCCT 

CGCGCGTTTC6GTGATGACGGTGAAAACCTCTGACACAT6CAGCTCCCGG 

AGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCA6ACAAGCCCGT 

CA6GGCGCGTCAGC6GGTGTTGGCGG6TGTCGGGGC6CAGCCATGACCCA 

GTCACGTAGCGATAGC6GAGTGTATTCGAGCTCGGACATTGATTATTG 

ACTAGT 

TATTAATAGTAATCAATTAC6GGGTCATTAGTTCATAGCCCATATA 

TGGAGTTCC6CGTTACATAACTTACGGTAAATGGCCCGCCTG6CTGACCG 

CCCAACGACCCCCGCCCATTGACGTCAATAATGACGTAT6TTCCCATAGT 

AACGCCAATAGG6ACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGT 

AAACTGCCCACTTG6CA6TACATCAAGTGTATCATATGCCAA6TACGCCC 

CCTATT6ACGTCAATGAC6GTAAAT6GCCCGCCTGGCATTATGCCCAGTA 

CATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCA 

TCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTSGA 

TAGCQGTT 

TGACTCACGGGGATTTCCAAGTCTCCACCCAG 

CG6ACCC 

CGTCCCTAAC 

CCACGGGGCCCGTGG 

CTATG6CAGGGCCTGC 
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C6CCCCGACGTTGGCTGCGAGCCCTGGGCCTTCACCCGAACTTGGGGGGTGGGGTGGG6AAAAG6AAGAAACGCGGGC6TAT 

T6GCCCCAATGGG6TCTCGGTGGGGTATCGACAGAGTGCCAGCCCTGG6ACCGAACCCCGCGTTTATGAACA 

AACGACCCAACACCCGTGCGTTTTATTCTGTCTTTTTATTGCCGTCATAGCGCGGGTTCCTTCCGGTATTGT 

CTCCTTCCGT6TTTCAGTTAGCCTCCCCCATCTCCCCAGATCTGCACCCAATCGGCAGGCACGGGCG6CGAT 

CTCCAATCT6CGGGATCAGTCA6ATCACCCGAGT 

GCGTGGGCATGACAATC6T6CCCTGGGGACCAACACAATCCAGAA66GCCTGAATCACTGCGACC6GCCCTC 

CCGCGACCCAGCCGAGCGAGCTTAGCGAACTGTGGACGAGAACTGTGCCACCAAGCGTAA6GCCGTTCTCTC 

GCATTTGCCTTGCTAGGCTCGCGCGAGTTGCT6GCTGAGGCGTTCTCGAAATCAGCTCTTGTTC6GTCGGCA 

TCTACTCTATTCCTTTGCCCTCGGACGAGTGCTGGGGCGTCGGTTTCCACTATCGGCGAGTACTTCTACACA 

GCCATCGGTCCAGACGGCtGCGCTTCTGCGGGCGATTTGTGTACGCCCGACAGTCCCGGCTCCGGATCGGAC 

GATTGCGTCGCATCGACCCTGCGCCCAAGCTGCATCATCGAAATTGCCGTCAACCAA6CTCT6ATAGAGTTG 

GTCAAGACCAAT6CG6AGCATATACGCCCGGA6CCGCGGCGATCCTGCAAGCTCCGGATGCCTCC6CTCGAA 

6TAGCGC6TCTGCTGCTCCATACAAGCCAACCAC6GCCTCCA6AAGAAGATGTT66C6ACCTCGTATTGGGA 

ATCCCCGAACATCGCCTCGCTCCAGTCAATGACCGCTGTTATGCGGCCATTGTCC6TCAGGACATTGTTGGA 

GCCGAAATCCGCGTGCACGAGGTGCCGGACTTCGG6GCAGTCCTCGGCCCAAAGCATCAGCTCATCGAGAGC 

CTGC6CGACGGACGCACTGACGGTGTCGTCCATCACAGTTTGCCAGTGATACACATGGGGATCAGCAATCGC 

GCATATGAAATCACGCCATGTA6TGTATTGACCGATTCCTTGCGGTCCGAATGGGCCGAACCCGCTCGTCTG 

GCTAAGATCGGCCGCAGCGATCGCATCCATGGCCTCCGCGACCGGCT6CAGAACAGCGGGCAGTTCGGTTTC 

AGGCAGGTCTTGCAACGTGACACCCTGTGCACGGCGGGAGATGC 

AATAGGTCAGGCTCTCGCTGAACTCCCCGATATCAAGCACTTCCGGAA 

TCGGGAGCGCGGCCGAT6CAAAGTGCCGATAAACATAAC6ATCTTTGTAGAA 

ACCATCGGC6CAGCTATTTACCCGCAG6ACATATCCACGCCCTCCTACATCGAAGCTGAAAGCACGAGATTC 

TTCGCCCTCCGAGAGCT6CATCAGGTCGGAGACGCTGTCGAACTTTTCGATCAGAAACTTCTCGACAGACGT 

CGCGGTGAGTTCAGGCTTTTTCATATCTCCC6GATCTGCGGCACGCT6TTGACGCTGTT 

AAGCGGGTCGCTGCAGGGTC6CTCGGTGTTCGAG6CCACACGCGTCACCTTAATAT6C6AAGTGGACCTCGG 

ACCGCGCCGCCCCGACTG 

CATCTGCGTGTTC6GATTCGCCAATGACAAG 

AC6CTGGGCGGGGTTTGTGTCAT 

CATAGAACTAAAGACATGCAAATATATTTCTTCCGG66ACACCGCCAGCAAACGCGAGCAACGGGCCACGG6 

GATGAAGCA6TTAATGCGGTAGTTTATCACAGTTAAATT6CTAAC6CAGTCAGGCACCGTGT 

ATGAAATCTAACAATGC6CTCATCGTCATCCTCGGCACCGTCACCCTGGATGCTGTAGGCATAGGCTTGGT 

TATGCCGGTACTGCCG6GCCTCTTGCGGGATATCGTCCATTCCGACAGCATCGCCAGTCACTATGGCGTGC 

TGCTAGCGCTATATGC6TTG 

ATGCAATTTCTA 

TGCGTA 

AGAGGTTCCAACTTTCACCATAATGAAATAAG 

ATCACTACCGGGCGTATTTTTTGAGTTATCGAGATTTTCAGGAGCTAAGGAAGCTAAAATGGAGAAAAAAATCACTGGAT 
ATACCACCGTTGATATATCCCAATGGCATCGTAAAGAACATTTTGA6GCATTTCAGTCAGTT6CTCAATGTACCTATAAC 
CAGACCGTTCAGCT6GATATTACGGCCTTTTTAAAGACCGTAAAGAAAAATAAGCACAAGTTTTATCC6GCCTTTATTCA 
CATTCTTGCCCGCCT 

GATGAATGCTCATCCCGAGTTCC6TATGGCA 
ATGAAAGACGGTGAGCTG6TGATATGGGATAGTG 

TTCACCCTTGTTACACCGTTTTCCATGAGCAAACTGAAACGTTTTCATCGCTCTGGAGTGAATACCACGACGATTTCCGG 

CAGTTTCTACACATATATTCGCAAGATGTGGCGTGTTACGGTGAAAACCTGGCCTATTTCCCTAAAGG6TTTATTGAGAA 

TAT6TTTTTC6TCTCA6CCAATCCCTGGGT6AGTTTCACCAGTTTTGATTTAAACGTGGCCAATATGGACAACTTCTTCG 

CCCCCGTTTTCACCATGGGCAAATATTATACGCAAGGCGACAAGGTGCT6ATGCC6CT6GC6ATTCAGGTTCATCAT6CC 

GTTTGTGATG6CTTCCAT6TC6GCAGAATGCTTAATGAATTACAACAGTGTACCGCATCAGGCGAAATTGTAAACGTTAA 

TATTTTGTTAAAATTCGCGTAAATATTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTA 

TAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGSAACAAGAGTCCACTATTAAAGAACGTGGACT 

CCAACGTCAAAGG6CGAAAAACC6TCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCAAATCAAGTTTTTTGCGG 

TCGAGGTGCCGTAAAGCTCTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCG6CGAACGT 

GGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTA6CGGTCACGCT6CGCGTAACCA 

CCACACCC6CCGCGCTTAATGCGCCGCTACAGGGCGCGTCCATTCGCCATTCA66CTGCCTGCATTAATGAATCGGCCAA 

CGCGCG6GGA6AGGCGGTTT6CGTATTGGGCGCTCTTCCGCTTCCTCGCTCAC 

TGA 

CTC 

GCTGCGCTCGGTC6TTC6GCT6CGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAG 

AATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACC6TAAAAAGGCCG 

CGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAA6TCAGAGGT 
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GGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAA6CTCCCTCGTGCGCTCTCCTGTTC 

CGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCG6GAAGCGTGGCGCTTTCTCAATGCTCAC 

GCTGTAG6TATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGG6CTGTGTGCACGAACCCCCCGTTCAGC 

CCGACCGCT6CGCCTTATCCGGTAACTATCGTCTT6AGTCCAACCCGGTAAGA 

CACGAC 

TTATC6CCACTG6CAGCAGCCACTGGTAACAG6ATTA6CAGAGCGAGGTATGTAGGCG6TGCTACA 
GAGTTCTTGAAGTGGTGGCCTAAC 

TACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGQTA 

GCTCTTGATCCG6CAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGC6CAGAAA 

AAAAGGATCTCAAGAAGATCCTTT 

GATCTTTTCTACGGGGTCTGAC6CTCAGTGGAACGAA 

AACTCA 

CGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTA 

AATTAAAAATGAAQTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTQACAGTTACCAATGCTTAATCA 
GTGA6GCACCTATCTCAGCGATCT 

GTCTATTTC6TTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAG6GCTTACCATCTGG 
CCCCAGTGCTGCAATGATACCGCG 

AGACCCACGCTCACC6GCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGT6GTCCT 
GCAACTtTATCCGCCTCCATCCAG 

TCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTT 
T6CGCA 

ACGTTGTT6CCATTGCTGCAGGCATCGTGGTGTCAC6CTCGTCGTTTGGT 

ATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTT 

GTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCA6AAGTAAGTTGGCC6 

CAGTGTTATCACTCATG6TTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCC 

GTAAGATGCTTTTCTGTGACTG6TGAGTACTCAACCAAGTCATTCTGAGAATAGTGTAT 

GCGGCGACCGA6TTGCTCTTGCCCGGCGTCAACACGGGATAATACCGCGCCACATAGCA 

GAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGC6AAAACTCTCAAGGATC 

TTACCGCTGTTGAGATCCAfiTTCGATGTAACCCACTCGTGCACCCAACTGATCTT 

C AG CAT 

CTTTTACTTTCACCAGCGTTTCTGTGGTGAGGAAAAACAGGAAG 
GCAAAATGCCGC 

AAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATAT 

TATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAAT6TATTTA 

GAAAAATAAACAAATAGG66TTCCQCGCACATTTCCCCGAAAAGTGCCACCTGACGTCT 

AAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGA6GCCCTTT 

CGTCTTC 

SEQ. ID N0:2 

AGCCGAGGACGCCGCCGGGGAGCCGAGGCTCCGGCCAGCCCCCAGCGCGCCCAGCTTCTG 

CAGATCAGG 

AGTCAGAACGCT6CAC 

CTTCGCTTCCTCCCAGCCCTGCCTCCTTCTGCAAAAC6GAGCTCAATAGAACTTGGTACT 
TTTGCCTTTTACTCTGGGAGGAGAGAAGCAGACGATGAGGAGAAAATA 
[beginning of coding sequenced 
ATGAATGTCAAA 

GGAAAAGTGATTCTGTCAATGCTGGTTQTCTCAACTGTCATTGTTGTGTTTTG6GAATAT 
ATCCACAGCCCAGAAGGCTCTTTGTTCTGGATAAACCCATCAAGAAACCCAGAAGTCAGT 
GGCGGCAGCAGCATTCAGAAGGGCTGGT6GTTTCCGAGAT6GTTTAACAATGGTTACCAA 
GAAGAAGATGAAGACGTAGACGAAGAAAA6GAACAAAGAAAGGAAGACAAAAGCAAGCTT 
AAGCTATCGGACTGGTTCAACCCATTTAAACGCCCTGAGGTTGTGACTATGACAGATTGG 
AAG6CACCCGTGGTGT6GGAA6GCACTTACAACAGAGCCGTCTTAGACGATTACTACGCC 
AAGCAGAAAATTACCGTCGGCCTGACGGTTTTC6CCGTCGGAAGATACATTGAGCATTAC 
TT6GAGGA6TTCTTAACGTCTGCTAATAA6CACTTCATGGTT6GCCACCGAGTCATCTTT 
TACGTCATGGTGGACGACGTCTCCA6GATGCCTTTGATAGAGCTGG6CCCTCTGCGCTCC 
TTCAAAGTGTTTGAGGTCAAGCCTGAGAGGAGGTGGCAGGACGTCAGCATGGTGCGCATG 
AAGACCATCGGGGAGCACATCGTGGCCCACATCCAGCGTGAGGTTGACTTCCTCTTCTGC 
AT6GACGTGGACCAGGTCTTCCAAGACGAGTTCGGGGTGGAGACCCTGG6TGA6TCGGTG 
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GCCCAGCTACAGGCCTGGTGGTACAAGGCAGATCCCGATG'AGTTTACCTACGAGAGGCGC 

AAGQAGTCTGCAGCATACATTCCCTTC6GC6AAGGGGATTTTTATTACCACGCAGCCATT 

TTTGGGGGAACACCCACTCAGGTCCTTAACATCACCCAGGAATGCTTCAAAGGAATCCTC 

AAGGACAAGAAAAAT6ACATAGAAGCCCAATGGCATGATGAGAGCCATCTAAACAAGTAT 

TTCCTTCTCAACAAACCCACTAAAATCTTATCCCC6GAATACTGCTGGGATTATCATATA 

GGCCTACCTGCG6ATATTAAGCTTGTCAAGATGTCTT6GCAGACAAAAGAGTATAATGTG 

GTTAGAAATAACGTCTGA 

Cend of coding sequenced 

sea. ID N0:3 

HNVKGKVILS HLVVSTVIVV FWEYIHSPEG SLFWINPSRN PEVSGGSSia 
K6WWFPRWFN N6YQEEDEDV DEEKEilRKED KSKLKLSDWF NPFKRPEVVT 
HTDWKAPVVW EGTYNRAVLD DYYAK^KITV GLTVFAVGRY lEHYLEEFLT 
SANKVIFYVHVDD VSRHPLIELG PLRSFKVFEV KPERRUQOVS 
HVRMKTIGEH IVAHiaREVD FLFCMDVDaV FQDEFGVETL GESVAftLQAW 
WYKADPDEFT YERRKESAAY IPFGEGDFYY HAAIFGGTPT QVLNITQECF 
KGILKDKKND lEAQWHDESH LNKYFLLNKP TKILSPEYCW DYHIGLPADI 
KLVKHSUaTK EYNVVRNNV* 

SEa. It) N0:4 

1 ctgcagactt taagtgattc ttacgtgggc atttgatgct gacaccctct ttattttgca 
61 gagaagtcat catggtgaaa agccacatag gcagttggat cctggttctc tttgtggcca 
121 tgtggagtga cgtgggcctc tgcaagaagc gaccaaaacc tggcggagga tggaacactg 
181 gggggagccg atacccggga cagggcagtc ctggaggcaa ccgctatcca cctcagggag 
241 ggggtggctg gggtcagccc catggaggtg gctggggcca acctcatgga ggtggctggg 
301 gtcagcccca tggtggtggc tggggacagc cacatggtgg tggaggctgg ggtcaaggtg 
361 gtagccacag tcagtggaac aagcccagta agccaaaaac caacatgaag catgtggcag 
421 gagctgctgc agctggagca gtggtagggg gccttggtgg ctacatgctg ggaagtgcca 
481 tgagcaggcc tcttatacat tttggcaatg actatgagga ccgttactat cgtgaaaaca 
541 tgtaccgtta ccccaaccaa gtgtactaca gaccagtgga tcggtatagt aaccagaaca 
601 actttgtgca tgactgtgtc aacatcacag tcaagcaaca cacagtcacc accaccacca 
661 agggggagaa cttcaccgaa actgacatca agataatgga gcgagtggtg gagcaaatgt 
721 gcatcaccca gtaccagaga gaatcccagg cttattacca aaggggggca agtgtgatcc 
781 tcttttcttc ccctcctgtg atcctcctca tctctttcct catttttctc atagtaggat 
841 aggggcaacc ttcctgtttt cattatcttc ttaatctttg ccaggttggg ggagggagtg 
901 tctacctgca gccctgtagt ggtggtgtct catttcttgc ttctctcttg ttacctgtat 
961 aataataccc ttggcgctta cagcactggg aaatgacaag cagacatgag atgctattta 
1021 ttcaagtccc attagctcag tattctaatg tcccatctta gcagtgattt tgtagcaatt 
1081 ttctcatttg tttcaagaac acctgactac atttcccttt gggaatagca tttctgccaa 
1141 gtctggaagg aggccacata atattcattc aaaaaaacaa aactggaaat ccttagttca 
1201 tagacccagg gtccaccctg ttgagagcat gtgtcctgtg tctgcagaga actataaagg 
1261 atattctgca ttttgcaggt tacatttgca ggtaacacag ccatctattg catcaagaat 
1321 ggatattcat gcaacctttg acttatgggc agaggacatc ttcacaagga atgaacataa 
1381 tacaaaggct tctgagacta aaaaattcca acatatggaa gaggtgccct tggtggcagc 
1441 cttccatttt gtatgtttaa agcaccttca agtgatattc ctttctttag taacataaag 
1501 tatagataat taaggtacct taattaaact accttctaga cactgagagc aaatctgttg 
1561 tttatctgga acccaggatg attttgacat tgcttaggga tgtgagagtt ggactgtaaa 
1621 gaaagctgag tgctgaagag ttcatgcttt tgaactatag tgttggagaa aactcttgag 
1681 agtcccttgg actgaaagga gatcagtcct gaatattcat tggaaggact gatgctgaag 
1741 ctgaaactcc agtactttgg tcacctgatg ggaagaactg aaggcaggag ggatgctagg 
1801 aaagactgaa ggcaggagga gaaggggacg acagaggatg agatggctag atggcatcat 
1861 ggactcaatg gacatgagct taagtaaact ccaggagttg gcaatggaca gggagacctg 
1921 gcgtcctgca gUcatggtg tcgcagagtc ggacacgatt gagtgactaa attgaggtga 
1981 cccagattta acatagagaa tgcagataca aaactcatat tcatttgatt gaatcttttc 
2041 ctgaaccagt gctagtgttg gactggtaag ggtataacag catatatagg ttatgtgatg 
2101 aagagatagt gtacatgaaa tatgtgcatt tctttattgc tgtcttataa ttgtcaaaaa 
2161 agaaaattag gtccttggtt tctgtaaaat tgacttgaat caaaagggag gcatttaaag 
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2221 aaataaatta gagatgatag aaatctgatc cattcagagt agaaaaagaa attccattac 
2281 tgttattaaa gaaggtaaaa ttattccctg aattgttcaa tattgtcacc tagcagatag 
2341 acactattct gtactgtttt tactagcttg caccttgtgg tatcctatgt aaaaacatat 
2401 ttgcatatga caaacttttt ctgttagagc aattaacatc tgaaccacct aatgcattac 
2461 ctgtttttgt aaggtacttt ttgtaaggta ctaaggagat gtgggtttaa tccctaggtc 
2521 aggtaaatcc cctagaggaa gaaatggcaa cccactccag tattcttgcc aggaaaatcc 
2581 agtgggcaga ggagcctggc agggtacagt ctgagcatgg ggttgcaaag agtgagacaa 
2641 gacttgagct actgaacaat aaggacaata aatgctgggt cggctaaaag gttcattagg 
2701 ttttttttct gtaagatggc tctagtagta cttgtcttta tcttcattcg aaacaatttt 
2761 gttagattgt atgtgacagc tcttgtatca gcatgcattt gaaaaaaaca tcacaattgg 
2821 taaatttttg tatagccatc ttactattga agatggaaga aaagaagcaa aattttcagc 
2881 atatcatgct gtacttattt caagaaagat aaccaaaatg caaaaatgta tttgtgaagt 
2941 gtatggagaa ggggctgcaa ctgatcaagc ttgtcaaagt agtttgtgaa gtttcgtgct 
3001 ggagatttct tattggacga tgctccacag ttggatatac cagttgaagt tgatagtgat 
3061 caaattgaga tattgagaat aatcgatgtt ataccacgcg ggagatagct gacatactca 
3121 aaatatccaa atagaacctt gaaaaccatt tgcaccatct cagttatgtt aatcactttg 
3181 atgtttgagt tccacataag caaaaaaaca acaacaaaaa aaaatacaac cttgaccata 
3241 tttgcgcatg cagttctcta ctgaaatgat tgaaaacact ttgtttttaa aaacagattt 
3301 tgattaacag tgggtacgat acaataacgt agatggaaga aattgtaggg tgagcaaaat 
3361 gaaccacacc accaaaggcc agtcttcctc taaagaagat gtgtgtatgg tgggattgga 
3421 aagtaatcct ctattatgaa ttcttctgga aaacactgct cctaattaga ccaactgaaa 
3481 acagcactca acgaaaagca tccagaatta gtcaatagaa aacataatct tccatcagga 
3541 taacgcaaga ctacatattt ctttgatgac ccagcatggc tggagtttct gattcatctg 
3601 ttgtattcag acgttgcatc tttggatttt ttccatttat ttcagtctac aaaattatca 
3661 taatggaaaa aatttccatt ccctggaaga tgtaaagtgc atctggaaaa tttctttgct 
3721 caaaaagata aaaagttttg tgaacacaga attatgacgt tgcctgaaaa atggcagaag 
3781 gtagtggaac aaaagagtga ctatgttgtt tggtaaagtt cttagtgaaa atgaaaaatg 
3841 tgtcttttat ttttatttaa ecaccaaagg cacattttag caacccaata ctgaatctaa 
3901 aggaaactct tctgtgtgtt gtccttacag tgtgcactga tagtttgtat aagaatccag 
3961 agtgatattt gaaatacgca tgtgcttata ttttttatat ttgtaacttt gcatgtactt 
4021 gttttgtgtt aaaagtttat aaatatttaa tatctgacta aaattaaaca ggagctaaaa 
4081 ggagtatctt ccacggagtt gtctggctgt gttcaccaga tgtgcacaca tgttggcagc 
4141 ttcatttggg gggttaatat gagaaaagtg acacattcag tcctcacact gccaattgca 
4201 ggaggagggc tactcctgat cctgcttcag ccttattccc agtcacatgc cagctg 

SEa. ID N0:5 

HVKSHIGSWILVLFVAMWSDVGLCKKRPKPGGGWNTSGSRYP6Q 

GSPGGNRYPPQGGGGUGGlPHGGSWGQPKGGGUGaPHGGGWGaPHGGGGUGQGGSHSaW 

NKPSKPKTNHKHVAGAAAAGAVVGGLGGYNLGSAHSRPLIHFGNDYEDRYYRENHYRY 

PNaVYYRPVDRYSNQNNFVHDCVNITVKQHTVTTTTKGENFTETDIKIHERVVEQHCI 

mQRESaAYYQRGASVlLFSSPPVlLLlSFLIFLlVG 

SEQ. ID N0:6 



1 


CGGCCGCC6G 


CAGATCT6AT 


CCTGATCATA 


ACTTCGTATA 


GCATACATTA 


51 


TACGAA6TTA 


TCATGA6ATC 


CGACCTCGAG 


GCCGCTCTAG 


AACTAGTGGA 


101 


TCCACACATG 


ATAAGATACA 


TTGATGAGTT 


TG6ACAAACC 


ACAACTAGAA 


151 


TGCAGTGAAA 


AAAATGCTTT 


ATTTGTGAAA 


TTTGTGATGC 


TATTGCTTTA 


201 


TTTGTAACCA 


TTATAAGCTG 


CAATAAACAA 


GTTAACAACA 


ACAATTGCAT 


251 


TCATTTTATG 


TTTCAGGTTC 


AGGGGGAGGT 


GTGGGAGGTT 


TTTTAAAGCA 


301 


AGTAAAACCT 


CTACAAATGT 


GGTATGGCTG 


ATTATGATCT 


CTAGTCAAGG 


351 


CACTATACAT 


CAAATATTCC 


TTATTAACCC 


CTTTACAAAT 


TAAAAAGCTA 


401 


AAGGTACACA 


ATTTTTGAGC 


ATAGTTATTA 


ATAGCAGACA 


CTCTATGCCT 


451 


GTGTGGA6TA 


AGAAAAAACA 


GTATGTTATG 


ATTATAACTG 


TTATGCCTAC 


501 


TTATAAAGGT 


TACAGAATAT 


TTTTCCATAA 


TTTTCTTGTA 


TAGCAGTGCA 


551 


GcmrTccT 


TT6T6GT6TA 


AATAGCAAA6 


CAAGCAAGA6 


TTCTATTACT 


601 


AAACACAGCA 


TGACTCAAAA 


AACTTAGCAA 


TTCTGAAGGA 


AAGTCCTTGG 


651 


GGTCTTCTAC 


CTTTCTCTTC 


TTTTTTGGAG 


GA6TAGAATG 


TTGA6AGTCA 



3& 



wo 02/074935 



PCT/GB02/01364 



701 GCAGTAGCCT CATCATCACT AGATGGCATT TCTTCTGAGC AAAACAGGTT 

751 TTCCTCATTA AAGGCATTCC ACCACTGCTC CCATTCATCA GTTCCATAGG 

801 TTG6AATCTA AAATACACAA ACAATTAGAA TCAGTAGTTT AACACATTAT 

851 ACACTTAAAA ATTTTATATT TACCTTAGAG CTTTAAATCT CTGTAGGTAG 

901 TTTGTCCAAT TATGTCACAC CACAGAAGTA AGGTTCCTTC ACAAAGATCC 

951 . CCCTC6AC6G TATCGATAAG CTCTAGAGTC A6GCACCGGG CTTGCGG6TC 

1001 ATGCACCA6G TGC6C66TCC TTCGGGCACC TCGACGTCGG CGGTGACG6T 

1051 6AAGCC6AGC CGCTCGTAGA AGGGGAGGTT GCG66GCGCG GAGGTCTCCA 

1101 GGAAG6CGGG CACCCCGGCG CGCTCGGCCG CCTCCACTCC GGGGAGCACG 

1151 ACGGCGCTGC CCAGACCCTT 6CCCT66TGG TC666CGAGA CGCCQACGGT 

1201 GGCCAGGAAC CACGCGGSCT CCTTGGGCCG GTGCGGCGCC AGGAGGCCTT 

1251 CCATCTGTTG CT6CGCGGCC AGCCG66AAC CGCTCAACTC 6GCCATGCGC 

1301 G66CC6ATCT CGGCfiAACAC CGCCCCCGCT TCGACGCTCT CC66CGTGGT 

1351 CCAGACCGCC ACCGC6GCGC CGTCGTCC6C GACCCACACC TTGCCGATGT 

U01 CGAGCCCGAC 6CGC6TGAGG AAGAGTTCTT GCAGCTCGGT GACCCGCTCG 

1451 ATGTGGC6GT CCGGGTCGAC GGT6TGGCGC 6T6GCGGGGT AGTC66C6AA 

1501 CGCGGCGGCG A6G6TGCGTA CGGCCC6GGG GACGTCGTCG CGGGTGGCGA 

1551 GGCGCACCGT GG6CTTGTAC TCGGTCATGG TTGTGGCAAG CTTATCATCG 

1601 TGTTTTTCAA AGGAAAACCA CGTCCCCGTG GTTC6GGGGG CCTAGAGCTT 

1651 TTTTAACCTC GACTAAACAC ATGTAAAGCA TGTGCACCGA GGCCCCA6AT 

1701 CAGATTCCCA TACAATGG6G TACCTTCTGG GCATCCTTCA GCCCCTTGTT 

1751 GACTACGCTT GAGGAGAGCC ATTTGACTCT TTCCACAACT ATCCAACTCA 

1801 CAACGTGGCA CTGQGGTTGT GCCGCCTTT6 CA6GTGTATC TTATACACGT 

1851 G6CTTTTGGC C6CAGAG6CA CCTGTCGCCA GGTG6GGGGT TCCGCTGCCT 

1901 CCAAAGGGTC GCTACAGACG TTGTTTGTCT TCAAGAAGCT TCCAGAGGAA 

1951 CT6CTTCCTT CAC6ACATTC AACAGACCTT GCATTCCTTT GGCGAGAGG6 

2001 GAAAGACCCC TAGGAATGCT CGTCAAGAAG ACAGGGCCAG GTTTCCGGGC 

2051 CCTCACATTG CCAAAAGACQ 6CAATAT6GT GGAAAATCAC ATATAGACAA 

2101 ACACACACCG GCCTTATTCC AA6CGGCTTC 6GCCAGTAAC GTTAGGG6GG 

2151 GGGGA6GGAG AGGGGCGGAA TTAGCTTGAT ATCGAATTCC GGCCGCGTCC 

2201 CATCAGTCCA GGATGGTCTT GAAGTCTGAG 6GCAGTGCCG GGTTGGCTGC 

2251 GGCCTCCAGG GCAGTCAGCG TCGTCCCCG6 GA6CTTCCGA CTCAGCTGCG 

2301 TCTGGGCTGT CCTGAGTGAC CCCAGGAGT6 GCACGTA6GT GACACGGTGT 

2351 C6AGTCAGCT TGAGCAG6AA TGCTTGGTGG CACAGCCACT GCACGGCCTC 

2401 GGAGGGCAGA G6GCCGGCGG CGCCCTT6GC CCCCAGCGAC ATCCCTGCGT 

2451 TCTTGGCTTT CAGGAT6GAG TAGCAGAGGG AGGCCGT6TC AGAGATGACG 

2501 CGCAGGAAAA ATGTG6G6TT CTTCCAAACT TGCT6ATGAA ATGGGAGCTG 

2551 CAGCACACAT GCGTGAAACC TGTAC6CCTG CAGCAGGAGG ATCTTGTAGA 

2601 TGTTGGTGCA CACCGTCTGG AG6CTGTTCA CCTGCAAATC CAGAAACAGG 

2651 CT6TGACACT TCAGCCGCAA 6ACCCCAAAG AGTTTGCGAC GCATGTTCCT 

2701 CCCAGCCTTG AAGCCGC6QT TGAAG6TGAC ACTGGCTCTG ATGGAG6TCC 

2751 GGGCATAGCT GGAGTAGTCG CTCTGCACCT CCAGGGTCCG GGTATCCAGC 

2801 AGCAG6CCGC ACCA66GGAA TAGGCCGTGG GCCGGCATCT GAACAAAAGC 

2851 C6TGCCACCC AGGGCCTCGT CTTCTACAGG GAAGTTCACC ACTGTCTTCC 

2901 GCAAGTTCAC CACGCAGCCA TACTCAGGGA CACCTCGGAC CAGGGTCCTG 

2951 A6GAA6GTTT TC6C6TGGGT GAGGTGAG6T GTCACCAACA AGAAATCATC 

3001 CACCAAACGC A6GAGCA6CC CGTCCCGCCG AATCCCCGCA AACAGCTTGT 

3051 TCTCCATGTC GCC6TAGCAC AGGCTGCAGA GCAGCGTGGA GAG6AT6GAG 

3101 CCCTGCGGGA TCCCCTGGCA CTGGACGTAS 6ACTTGCCCC TGATGCGCAC 

3151 GGCGTGGTGG CACATGAAGC GTAGGAAGAC 6TCGAAGAGG CCACTGCTGG 

3201 CCTCATTCAG 6GAGGAGCTC TGCTCGATGA C6AC6GCATC CCTCAGCGGG 

3251 CTGGTCTCCT GCAGGTGAGC CACGAACTGT CGCATGTACG 6CTGGAGGTC 

3301 TGTCAA6GTA GAGACGTGGC TCTTGAAGGC CTTGCGGACG TGCCCATGGG 

3351 CG6CCTTCTG GACCAC6GCA TACCGACGCA C6CAGTACGT GTTCTG6GGT 

3401 TTGATSATGC TGGCGATGAC CTCCGTGAGC CTGTCCTGGG 6GATGGTGTC 

3451 GTAC6C6CCC GTCACAKCA CCTTGACAAA GTACAGCTCA 6GCGGC6GQT 

3501 CCTGG6CCCG CACACGCAGC AC6AA6GTGC 6CCAGGCCCT GTG6ATATCG 

3551 TCCAGGCCCA GCACAGAGGC GCCCAGGAGG CCGG6GCGCC 6CGCCCGCTC 

3601 GTAGTT6AGC ACGCTGAACA GTGCCTTCAC CCTCGA6GTG AGACGCTCGG 



39 



wo 02/074935 



PCT/GB02/fll364 



3651 CCCTCTTTTC TCTGC6GAAC GTTCTG6CTC CCACGACGTA GTCCATGTTC 
3701 ACAATCGGCC QCAGCCCGTC AGGCTT666G ATGAAGCGGA GTCTG6ACGT 
3751 CAGCAGGGC6 G6CCTGGCTT CCC6ATGCTG CCTGACCTCT GCTTCCGACA 
3801 GCTCCCGCA6 CT6CACCCTC TTCAAGT6CT GTCTGATTCC AATGCTTTGC 
3851 AACTTGCTCC AGACACTC6G CC6GTA6AAA AA6AGCCTGT TCTTTTGAAA 
3901 CGT6GTCTCC GTGACATAAA AGAAAGACCT GAGCA6CTCG ACGAC6TACA 
3951 CACTCATCAG CCAGTGCAGG AACTTGGCCA GGATCTCCTC ACGCAGACGG 
4001 TGCTCTGCGG CCGGAACACA 6CCAACCCCT GGGCTCCTGC GCAGCCAA6C 
4051 GCA6TCCC6C AC6CTCATCT TCCAC6TCAG CTCCT6CAGC 6AGASCTT66 
4101 CATGCTTCCC CAGGGAGATG AACTTCTTGG TGTTCCTGAG GAAGC6GCGT 
4151 TCGTTGTGCC TGGAGCCCCA 6AGGCCTG6G GGCACCAGCC GGCGCAGGCA 
4201 GGCCCGCACG AAGCCGTACA CCTGCCAGGG GCT6CTGTGC T6GCGGAGCA 
4251 GCT6CACCAG GCGACGGGGG TCTGTGTCCT CCTCCTCGGG GGCCGCCACA 
4301 GAGCCCTGGG 6CTTCTCCCG GGCACAGACA CC6GCTGCTG GGGTGACCGC 
4351 AGCTC6CAGC GGGCAGTGCG TCTT6AGGAG CACCCCGTAG GGGCACTGCG 
4401 CGTGGTTCCC AAGCAGCTCC AGAAACAGGG GCCGCATTT6 CCAGTAGC6C 
4451 TG6GGCAGGC GGGGCAACCT GCGGGGA6TC CCT6GCATCC AG6GCCTG6A 
4501 ACCCAGAAAG ATGGTCTCCA CGAGCCTCCG AGC6CCAGTC AGGCT6GGCC 
4551 TCAGAGAGCT GAGTAGGAAG GAGGGCC6CA GCTGCTCCTT GTCGCCTGAG 
4601 GAGTAGA66A AGTGCTTGGT CTCGGCGTAC ACC6GGGGAC AAGGCGTGTC 
4651 CCAGGGACGT G6TG6CCGCG ATGTGGATGG GGGGCCCGCG TGGTGCTG6C 
4701 GGCCCACGGA TGGGTGGGAG TGGCGCGTGC CAGAGAGCGC ACCCTCCAAA 
4751 GAGGTGGCTT CTTCGGCGGG TCTGGCAGGT GACACCACAC AGAAACCACG 
4801 GTCACTCGGT CCACGCGTCC TGCCCGGGTG GGCCCAGGAC CCCTGCCCAA 
4851 C6G6CGTCC6 CTCCGGCTCA GGGGCAGCGC CACGCCTGGG CCTCTTGGGC 
4901 AACGGCAGAC TTCGGCT66C ACT6CCCCC6 CGCCTCCTCG CACCCGGGGC 
4951 TG6CAGGCCC AGGG6GACCC CGGCCTCCCT GACGCTATGG TTCCAGGCCC 
5001 GTTCGCATCC CAGACGCCTT CGG6GTCCAC TAGCGTGTGG CGGG6GCCGG 
5051 GCCTGAGTGG CAGCGCC6AG CTG6TACAGC GGCGGCCCSC ACACCTG6TA 
5101 GGCGCA6CTG GGAGCCACCA GCACAAAGAG CGCGCAGCGT GCCAGCAGGT 
5151 GAACCAGCAC GTC6TCGCCC ACGCGGCGCA GCAGCAGCCC CCACGCCCCG 
5201 CTCCCCCGCA GTGCGTCGGT CACCGT6TTG GQCA6GTAGC T6CGCACGCT 
5251 GGTGGTGAAG GCCTCGG6GG GGCCCCCGCG GGCCCCGTCC AGCAGCGCGA 
5301 AGCCGAAGGC CAGCACGTTC TTC6CGCCGC GCTCGCACAG CCTCTGCAGC 
5351 ACTC6GGCCA CCA6CTCCTT CAGGCAGGAC ACCTGGCGGA AGGAGGGGGC 
5401 GGCGGGGGGC GGCC6TGCGT CCCAGGGCAC 6CACACCAGG CACTGGGCCA 
5451 CCAGCGCGCG GAAAGCCGCC GGGTCCCCGC GCT6CACCA6 CCGCCAGCCC 
5501 TGG6GCCCCA GGCGCCGCAC GAACGTGGCC AGCGGCAGCA CCTCGCGGTA 
5551 GTGGCT6CGC AGCAGGGAGC GCAC66CTCG GCAGC6GGGA GCGCGCGGCA 
5601 TGGTGGAATT CCGATCCGGG ACCTGAAATA AAAGACAAAA AGACTAAACT 
5651 TACCAGTTAA CTTTCT6GTT TTTCAGTTCC TCGAGATCAA TTCGAGCTCG 
5701 GTACCCGGGC 6ACGCAGTCT ATCG6AGGAC TGGCGCGCCG AGTGA6GGGT 
5751 TGTGGQCTCT TTTATTGAGC TCGG6GAGCA GAA6C6CGCG AACAGAAGC6 
5801 AGAAGC6AAC T6ATTGGTTA GTTCAAATAA GGCACAGGGT CATTTCAGGT 
5851 CCTTG6GGCA CCCTGGAAAC ATCTGATGGT TCTCTAGAAA CTGCTGAGGG 
5901 CGGGACCGCA TCTGGGGACC ATCTGTTCTT GGCCCTGAGC CGGGGCAGGA 
5951 ACTGCTTACC ACAGATATCC TGTTTGGCCC ATATTCTGCT GTTCCAACTG 
6D01 TTCTTGGCCC TGAGCC6GGG CAG6AACTGC TTACCACAGA TATCCTGTTT 
6051 GGCCCATATT CT6CT6TCTC TCTGTTCCTA ACCTTGATCT GAACTTCTCT 
6101 ATTCTCAGH AT6TATTTTC CATGCCTTGC AAAATGGCGT TACTTAAGCT 
6151 • AGCTTGCCAA ACCTACA66T GGGGTCTTTC ATTCCCCCCT TTTTCTGGAG 
6201 ACTAAATAAA ATCTTTTATT CTATCTATGG CTCGTACTCT ATAGGCTTCA 
6251 GCTGGTGATA TTGTTGAGTC AAAACTAGAG CCAATCTGGT GATATTGTTG 
6301 AGTCAAAACT AGAGCCTGGA CCACTGATAT CCTGTCTTTA ACAAATTGGA 
6351 CTAATCGCTT A6CCCGG6GG ATCCACTAGT TCTAGAGCGG CCAATTCATA 
6401 ACTTCGTATA GCATACATTA TAC6AA6TTA TCGTC6ACCA CGTGAGATCT 
6451 GCCGGTCTCC CTATAGTGAG TCGTATTAAT TTCGATAAGC CAGGTTAACC 
6501 TGCATTAAT6 AATCGGCCAA CGCGCGGGGA GAGGC6GTTT GCGTATTGGG 
6551 CGCTCTTCCG CTTCCTCGCT CACTGACTCG CT6CGCTCGG TCGTTCGGCT 



40 



wo 02/074935 



PCT/GB02/01364 



6601 


GCGGCGAGCG 


GTATCA6CTC 


6651 


AATCAGGGGA 


TAACGCAGGA 


6701 


GCCAGGAACC 


GTAAAAAGGC 


6751 


CCCCCCTGAC 


GAGCATCACA 


6801 


ACCCGACAGG 


ACTATAAA6A 


6851 


6T6CGCTCTC 


CTGTTCCGAC 


6901 


TCTCCCTTC6 


GGAAGCGTGG 


6951 


TCAGTTC6GT 


GTAGGTCGTT 


7001 


CCC6TTCA6C 


CCGACCGCTG 


7051 


CAACCCGGTA 


AGACACGACT 


7101 


GGATTAGCAG 


AGCGA6GTAT 


7151 


TGGCCTAACT ACGGCfACAC 


7201 


GCTGAAGCCA 


GTTACCTTCG 


7251 


AACAAACCAC 


CGCTG6TAGC 


7301 


ACGCGCAGAA 


AAAAAGGATC 


7351 


GTCT6ACGCT 


CAGTGGAACG 


7401 


GATTATCAAA 


AA6GATCTTC 


7451 


TTTAAATCAA 


TCTAAAGTAT 


7501 


ATGCTTAATC 


AGTGAGGCAC 


7551 


CCATAGTTGC 


CTGACTCCCC 


7601 


TTACCATCTG 


GCCCCAGTGC 


7651 


GGCTCCA6AT 


TTATCA6CAA 


7701 


6AAGTG6TCC 


TGCAACTTTA 


7751 


CG66AA6CTA 


6A6TAA6TA6 


7801 


TGCCATTGCT 


ACAGGCATCG 


7851 


CATTCAGCTC 


CGGTTCCCAA 


7901 


TT6T6CAAAA 


AAGCGGTTAG 


7951 


TAA6TTG6CC 


GCAGT6TTAT 


8001 


CTCTTACTGT 


CATGCCATCC 


8051 


TCAACCAAGT 


CATTCT6A6A 


8101 


CCCGGCGTCA 


ATACGG6ATA 


8151 


TGCTCATCAT TGGAAAACGT 


8201 


CCGCTGTTGA 


GATCCAGTTC 


8251 


TTCAGCATCT 


TTTACTTTCA 


8301 


GGCAAAATGC CGCAAAAAAG 


8351 


CTCATACTCT TCCTTTTTCA 


8401 


TCTCATGAGC 


GGATACATAT 


8451 


GGGTTCCGCG 


CACATTTCCC 


8501 


ATTATTATCA 


TGACATTAAC 


8551 


TCGTCTCGCG 


CGTTTCGGTG 


8601 


TCCCGGAGAC 


GGTCACAGCT 


8651 


GCCCGTCAGG 6CGCGTCAGC 


8701 


CTATGCG6CA 


TCA6AGCAGA 



ACTCAAAGGC 6GTAATACGG TTATCCACAG 
AAGAACATGT 6AGCAAAAGG CCAGCAAAAG 
CGCGTTGCTG GCGTTTTTCC ATAGGCTCCG 
AAAATCGACG CTCAAGTCAG AG6TGGCGAA 
TACCAGGCGT TTCCCCCTG6 AAGCTCCCTC 
CCTGCCGCTT ACCGGATACC TGTCCGCCTT 
C6CTTTCTCA TAGCTCACGC TGTAGGTATC 
CGCTCCAAGC TGGGCTGTGT GCACGAACCC 
CGCCTTATCC GGTAACTATC GTCTTGAGTC 
TATC6CCACT GGCAGCAGCC ACTGGTAACA 
GTAGGCG6TG CTACAGAGTT CTTGAAGTGG 
lAGAAGAACA GTATTTGGTA TCTGCGCTCT 
GAAAAAGAGT TGGTAGCTCT TGATCCGGCA 
G6TGGTTTTT TTGTTTGCAA GCAGCAGATT 
TCAAGAA6AT CCTTTGATCT TTTCTACGGG 
AAAACTCACG TTAAGGGATT TTGGTCATGA 
ACCTAGATCC TTTTAAATTA AAAAT6AAGT 
ATAT6AGTAA ACTTGGTCT6 ACA6TTACCA 
CTATCTCA6C GATCTGTCTA TTTCGTTCAT 
GTCGTGTAGA TAACTAC6AT AC6GGA66GC 
TGCAATGATA CCGCGAGACC CACGCTCACC 
TAAACCAGCC AGCCG6AAG6 GCCGA6CGCA 
TCCGCCTCCA TCCAGTCTAT TAATTGTTGC 
TTCGCCAGTT AATAGTTTGC GCAAC6TTGT 
TGGTGTCACG CTCGTCGTTT GGTATGGCTT 
CGATCAAGGC GA6TTACATG ATCCCCCATG 
CTCCTTC6GT CCTCCGATCG TTGTCA6AAG 
CACTCAT6GT TATGGCA6CA CT6CATAATT 
GTAAGAT6CT TTTCTGTGAC TGGTGAGTAC 
ATA6TGTATG C6GCGACCGA GTT6CTCTTG 
ATACCGCGCC ACATAGCAGA ACTTTAAAAG 
TCTTCGG66C GAAAACTCTC AAGGATCTTA 
GATGTAACCC ACTCGT6CAC CCAACTGATC 
CCAQCGTTTC T6GGTGAGCA AAAACAGGAA 
GGAATAAGGG CGACACG6AA ATGTTGAATA 
ATATTATT6A A6CATTTATC AG6GTTATTG 
TTGAAT6TAT TTAGAAAAAT AAACAAATAG 
CGAAAAGTGC CACCTGACGT CTAAGAAACC 
CTATAAAAAT AGGCGTATCA CGAGGCCCTT 
ATGACGGT6A AAACCTCTGA CACATGCAGC 
TGTCTGTAAG CGGATGCCG6 GAGCAGACAA 
G6GTGTTGGC GGGTGTCGGG GCTGGCTTAA 
TTGTACTGAG AGTGCACCAT ATG 
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Claims 

What Is claimed as the invention is: 

1 . A method for producing a vertebrate cell with several alterations in the genome, comprising: 

a) increasing expression of telomerase reverse transcriptase (TERT) in the ceil; 

b) malcing an alteration to a particular gene in the cell or its progeny; before or after 

c) making a further genetic alteration to the genome of the ceil or Its progeny. 

2. A method for producing a chimeric cell, comprising producing a ceil with several alterations in the 
genome by the method of claim 1 and then transfening the nucleus of the ceil with the altered 
genome to a suitable recipient cell. 

3. A method for producing a non-liuman vertebrate, comprising producing a cell with several 
alterations in the genome by the method of claim 1. producing an embryo from the cell with the 

* altered genome, and producing the vertebrate from the embryo. 

4. The method of claims 1-3, whereby the gene Is inactivated on at least one allele by homologous 
recombination. 

5. The method of claims 1-4, whereby the gene is inactivated on both alleles. 

6. The method of claims 1-5, whereby at least one allele of the gene is genetically altered to 
introduce a new encoding region in a manner that pennits it to be expressed by the cell or its 
progeny. 

7. The method of any of claims 1-6, further comprising separating cells In which one allele of the 
gene is inactivated using a first daig. and separating cells in which the other allele of the same 
gene is inactivated by selection using a second drug that is different from the firat. 

8. The method of claims 1 -7, wherein the TERT is expressed transiently in the cell or its progeny. 

9. The method of claims 1^, wherein an encoding sequence for TERT is integrated into the genome 
of the cell or its progeny. 

10. The method of claim 9, wherein the encoding sequence for TERT is placed under control of an 
endogenous promoter in at least one allele of the gene. 

11. The method of claims 9-10, further comprising treating the cell or its progeny with a site-specific 
recombinase to remove the TERT encoding region from the genome of the cell. 
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12. A cell produced according to the method of claims 1-11, which is a nuclear donor cell. 

13. An embryo produced from a chimeric cell prepared according to claims 2-11 , 

14. An embryonic stem cell produced from a chimeric cell prepared according to claims 2-1 1 . 

15. A non-human vertebrate animal, produced according to the method of claims 3-11. 

*■ 

16. A cell of a vertebrate animal cultured ex vivo, in which a normally expressed diploid gene contains 
a different artificially introduced genetic alteration in each allele. 

17. A non-human vertebrate embryo in which a normally expressed diploid gene is altered by a 
different artifidally iritroduced genetic alteration In. each allele. 

18. The cell or embryo of claims 16-17, the genome of which further comprises a recombinant nucleic 
acid encoding telomerase reverse transcriptase (TERT). 

19. A non-human vertebrate animal in which a normally expressed diploid gene Is altered by a 
different artiftciaily introduced genetic alteration in each allele. 

20. A vertebrate cell line genetically altered for increased expression of telomerase reverse 
transcriptase (TERT). whcch has been selected for high relative frequency of successful genetic 
targeting and is suitable as a donor for nuclear transfer. 

21. The cell line of claim 20, wherein the frequency of successful genetic targeting by homologous 
recombination using a vector comprising at least 2 kb of DNA sequence Isogenic to the host is at 
least -02%. 

22. The cell line of claim 21, bearing a TERT encoding region in the genome flanked by recognition 
sites for a site-specific recombinase. 

23. A vector for homologous recombination in a eukaryotic cell, comprising a telomerase reverse 
transcriptase (TERT) encoding region. 

24. The vector of claim 23, wherein the TERT encoding region is flanked on either side by recognition 
sites for a site-specific recombinase. 

25. The vector of claims 23-24, wherein homologous recombination of the vector into the eukaryotic 
cell renders an endogenous gene In the ceil inactive. 

26. The vector of claim 25, wherein the endogenous gene is a PrP gene. 
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27. The vector of claims 23-26, further comprising an antibiotic resistance gene that can be excised 
using a different site-specific reoombinase. 

28. The vector of claim 23-26, wherein homologous recombination of the vector into the eukaryotic cell 
causes TERT to be expressed under control of an endogenous promoter. 

29. The vector of claim 23-28, wherein the TERT is human telomerase reverse transcriptase. 

30. The cell, embryo or animal of claims 1 7-20, wherein expression of a protein encoding sequence of 
the gene is inactivated on both alleles. 

31. The ceil, embryo or animal of claims 17-21, wherein each allele of the gene comprises a different 
artificially introduced nucleic acid sequence. 

32. The cell, embryo, animal, or method of claims 1 -19, wherein the gene is a prion protein (PrP) gene. 

33. The cell, embryo, animal, or method of claims 1-19, wherein the gene encodes a glycosyl 
transferase. 

34. The cell, cell line, embryo, animal, or method of any preceding claim, wherein the vertebrate is a 
livestock species. 

35. The cell, cell line, embryo, animal, or method of claim 29, wherein the vertebrate is ovine, porcine, 
or bovine. 
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Figure 1 
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Figure 2 




LOCUS CVPSP72 2482 bp DNA oTtcuIct SYN 2WAN-2000 
DEFINITION Clonlr^ vectcr pSP72, 
ACCESBICN X653S2 
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Figure 3 
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Figure 4 




4/B 



wo 02/074935 



PCT/GB02/01364 



Figure 5 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 9 
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